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DESCRIPTION 
OPTICAL DISPLAY APPARATUS 

TECHNICAL FIELD 

The present invention relates to an optical display 
apparatus for displaying image information and character 
information. 

BACKGROUND ART 

In recent years, an optical display apparatus for 
displaying image information and character information has 
been used in various fields . An example of such an optical 
display apparatus is an electronic optical display apparatus 
widely used in a traffic information display board, a 
direction board or a billboard. Related techniques are 
disclosed in, for example, Japanese Laid-open Publication 
Nos. 6-228921, 7-129108, 7-140912, 8-6513, 8-158322, 8- 
160894 , etc . First , one of the most typical examples of such 
an optical display apparatus, an optical traffic sign 
incorporating a fluorescent lamp therein, will be described 
below with reference to the figures . However, various other 
conventional structures are known in the art, such as those 
incorporating an LED or an EL device for producing a 
self-luminous display, and those using an optical fiber or 
a light guide plate for guiding light from a light source. 

Figure 1A is a side view illustrating a structure 
of a conventional optical traffic sign, and Figure IB is a 
front view illustrating the same. Specifically, reference 
numeral 156 denotes a sign display board, 157 a ring-shaped 
fluorescent tube, 158 a sign body, and 159 a sign pole. 
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The sign display board 156 includes a semi- 
transparent resin on which a sign pattern is printed. The 
sign can be recognized even at night by illuminating the 
pattern from the inside of the sign with light from the 
ring-shaped fluorescent tube 157. The sign body 158, 
supporting the ring-shaped fluorescent tube 157 and the sign 
display board 156, is installed on a side wall beside a road 
or on a tunnel ceiling by being supported by the sign 
pole 159. 

However, the above- described conventional struc- 
ture has the following problems. 

First, since the sign pattern is either printed on 
the semi-transparent resin or is made of a color resin, a 
large portion of light emitted by the ring-shaped 
fluorescent tube 157, as a light source, is absorbed by the 
resin, whereby the display is not sufficiently bright. 

Second, since the display section, including the 
sign display board 156 and the fluorescent tube (light 
source) 157, is supported by the sign body 158, the portion 
including the display section is large and heavy. Moreover, 
since the sign pole 159 supporting the same must also be 
robust, the overall structure is even larger and heavier. 

Third, the structure must be installed so that it 
substantially projects from the installation surface, i.e. , 
a road side wall or a tunnel ceiling. Therefore, it may be 
hit for some reasons by a moving object such as a person, 
a car or a load, thereby damaging the display apparatus body 
while also damaging the moving object. To avoid such an 
accident requires a large installation space, which is not 
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economical . 

The above-described problems arise not only from the 
optical traffic sign incorporating a fluorescent lamp 
therein, illustrated in Figures 1A and IB as a conventional 
example, but also from those of a self-luminous type such 
as an LED or those using an optical fiber or a light guide 
plate for guiding light from the light source. Moreover, 
the problems are not limited to the above-described traffic 
sign, but are common to a general class of optical display 
apparatuses where a pattern to be displayed is illuminated 
with light from a light source. 

Those using a hologram are possible alternatives 
which may solve the above-described problems. 

First, a principle of producing a hologram based on 
a commonly- employed conventional technique and a principle 
of displaying (reconstructing) image information using such 
a conventional hologram will be described below. 

Figure 2A is a diagram schematically illustrating 
a typically- employed principle of producing a hologram. 

In particular, an object O is illuminated with 
object illumination light IL emitted from a laser light 
source, thereby forming object light OL having information 
relating to the shape, etc. , of the object O, and making the 
object light OL be incident upon a hologram dry plate HI. 
At the same time, reference light RL1, formed by splitting 
light emitted from the same laser light source as the object 
illumination light IL by means of a beam splitter, or the 
like, is directed to be incident upon the hologram dry 
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plate HI from an inclined direction. Thus, interference 
fringes between the object light OL and the reference 
light RL1 are recorded on the hologram dry plate HI. The 
hologram dry plate HI on which such interference fringes 
(having information of the object O) are recorded will 
hereinafter be referred to also as the "hologram plate HI". 

Figure 2B is a diagram schematically illustrating 
a principle of reconstructing the hologram plate HI which 
is provided according to Figure 2A. 

In particular, the reconstruction illumination 
light RI1, which is light from the same laser light source 
as that used for producing the hologram plate HI , is directed 
to propagate through the same path as that for the reference 
light RIil (see Figure 2A) so as to irradiate the hologram 
plate HI. Thus, light (reconstruction light) Rl, having 
information of the object recorded on the hologram plate HI, 
is reconstructed, so that a reconstructed image II is 
observed at a position where the object was originally 
located. 

The above-described method, however, requires the 
use of a laser light source as a light source when producing 
and reconstructing the hologram plate HI, and thus has such 
problems that the cost cannot be reduced and the handling 
thereof is complicated. 

On the other hand, in a reflection- type hologram to 
be described below, a hologram image can be reconstructed 
using white light. 
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To produce a reflection-type hologram, the hologram 
plate HI is first produced by the method as illustrated in 
Figure 2A, and then irradiated with reconstruction 
illumination light (laser light) RI21, as illustrated in 
Figure 3A, in a direction opposite to that of the 
reconstruction illumination light RI1 illustrated in Fig- 
ure 2B. Thus, reconstruction light R21, directed from the 
hologram plate HI to the position where the object was 
located, is reconstructed, thereby reconstructing a real 
image (reconstructed image) 121 of the object at a position 
where the object was located. Then, a new hologram dry 
plate H2 is placed at a position spaced apart from the 
reconstructed image 121 of the object by a distance 20, as 
illustrated in Figure 3B, and reference light RL2 is di- 
rected to be incident upon the hologram dry plate H2 from 
an inclined direction opposite from the hologram plate HI. 
The reference light RL2 is formed by splitting light emitted 
from the same laser light source as the reconstruction 
illumination light RI21 by means of a beam splitter, or the 
like. Thus, interference fringes between the reconstruc- 
tion illumination light RI21 and the reference light RL2 are 
recorded on the hologram dry plate H2. The hologram dry 
plate H2 on which such interference fringes (having 
information of the object) are recorded as a reflection- type 
hologram will hereinafter be referred to also as the 
"reflection-type hologram plate H2" . 

Figure 3C is a diagram schematically illustrating 
a principle of reconstructing the reflect ion -type hologram 
plate H2 formed as described above. 

In particular, the reflection- type hologram 
plate H2 is irradiated with reconstruction illumination 
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light RI22 (white light from a point light source spaced 
apart from the reflection-type hologram plate H2 by a 
certain distance) which propagates in a direction 
diametrically opposite to that of the reference light RL2 
illustrated in Figure 3B. Thus, reconstruction light R22 
having information of the object recorded on the reflec- 
tion-type hologram plate H2 is reconstructed so as to form 
a reconstructed image 122 at a position where the object was 
originally located. 

In a reflection- type hologram, a wavelength 
selectivity (color selectivity) in the optical diffraction 
characteristic ( the diffraction efficiency ) is high . 
Therefore, the image 122 is reconstructed by light having 
a wavelength close to that of the laser light used for 
producing the hologram. Thus, a color image can also be 
reconstructed by superposition. However, a clear recon- 
structed image cannot be obtained when the distance zO 
between the position of the reflection- type hologram 
plate H2 and a position where the reconstructed image 122 
is displayed is large. 

The reason why a reconstructed image of the 
reflection-type hologram is blurred will further be de- 
scribed with reference to Figures 3D and 3E. 

The reconstruction illumination light RI22 di- 
rected toward the reflection-type hologram is white light. 
Therefore, wavelengths other than a wavelength Xo of the 
laser light used to produce the hologram are also contained 
in the reconstruction illumination light RI22. A reflec- 
tion-type hologram has a high wavelength selectivity, as 
shown in a graph of Figure 3E illustrating the wavelength 
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dependency of the diffraction efficiency, whereby 
substantially none of light having a wavelength far away 
from the wavelength (center wavelength) XO of the laser 
light used to produce the hologram is diffracted . Therefore , 
only light having a wavelength close to the center wave- 
length XO is diffracted, thereby reconstructing the im- 
age 122. In practice, however, light having a wavelength 
which is close to, but different from, the center wave- 
length XO, as represented by Xl and X2 in Figures 3D and 3E, 
is also contained in the reconstructed light R22, thereby 
also forming and superimposing reconstructed images from 
such light on the intended reconstructed image from the light 
having the center wavelength XO. By this effect, the 
reconstructed image 122 is blurred when the distance zO to 
the position where the image 122 is formed is set to be large. 
That is, with a reflection-type hologram, a clear recon- 
structed image 122 cannot be viewed when it is viewed from 
a distance greater than the distance zO set when producing 
the hologram. This can be a very critical disadvantage in 
an application, such as an optical information apparatus, 
e.g., a traffic sign, which aims to clearly transfer 
prescribed information. 

As described above, the commonly- employed conven- 
tional hologram and the reflection-type hologram using the 
same have significant problems to be solved, in terms of 
the cost, the accurate display/ transfer of information, etc. , 
before they can be used in an optical display apparatus such 
as a traffic sign, for example. 

A hologram display method different from those 
described above is what is known as a rainbow hologram. 



- 8 - 



P16267 



To produce a rainbow hologram, the hologram plate HI 
is first produced by the method as illustrated in Figure 2A, 
which is then irradiated with reconstruction illumination 
light (laser light) RI31 in a direction opposite to that of 
the reconstruction illumination light RI1 illustrated in 
Figure 2B and through a slit having a width of A, as 
illustrated in Figure 4A. Thus, reconstruction light R31 # 
directed from the hologram plate HI to the position where 
the object was located, is reconstructed, thereby recon- 
structing a real image (reconstructed image) 131 of the 
object at a position where the object was located. Then, 
a new hologram dry plate H3 is placed at a position spaced 
apart from the reconstructed image 131 of the object by a 
distance ZO, as illustrated in Figure 4B, and reference 
light RL3 is directed to be incident upon the hologram dry 
plate H3 from an inclined direction as that for the hologram 
plate HI. The reference light RL3 is formed by splitting 
light emitted from the same laser light source as the 
reconstruction illumination light RI31 by means of a beam 
splitter, or the like. Thus, interference fringes between 
the reconstruction illumination light RI31 and the refer- 
ence light RL3 are recorded on the hologram dry plate H3. 
The hologram dry plate on which such interference fringes 
(having information of the object) are recorded as a 
transmission- type hologram by the rainbow hologram method 
will hereinafter be referred to also as the "rainbow hologram 
plate H3" . 

Figure 4C is a diagram schematically illustrating 
a principle of reconstructing the rainbow hologram plate H3 
formed as described above. 
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In particular, the rainbow hologram plate H3 is 
irradiated with reconstruction illumination light RI32 
(white light from a point light source spaced apart from 
the rainbow hologram plate H3 by a certain distance) which 
propagates in a direction diametrically opposite to that 
of the reference light RL3 illustrated in Figure 4B. Thus, 
reconstruction light R32 having information of the object 
recorded on the rainbow hologram plate H3 is reconstructed 
and directed toward the position where the slit was located 
during the hologram production, so as to form a reconstructed 
image 132 at a position where the object was originally 
located. 

With a rainbow hologram formed as described above, 
a clearer reconstructed image is observed as compared to 
that observed by a reflection-type hologram. The reason for 
this will be described with reference to Figures 4D and 4E. 

The reconstruction illumination light RI32 di- 
rected toward the rainbow hologram is white light. 
Therefore, wavelengths other than a wavelength X.0 of the 
laser light used to produce the hologram are also contained 
in the reconstruction illumination light RI32. However, a 
rainbow hologram, which is a transmission-type hologram, 
has a low wavelength selectivity, as shown in a graph of 
Figure 4E illustrating the wavelength dependency of the 
diffraction efficiency, whereby a relatively wide range of 
wavelengths are diffracted to emit the reconstruction 
light R32, thereby reconstructing the images 132 respec- 
tively corresponding to different wavelengths of light. 
However, since a slit is used when producing the rainbow 
hologram, the reconstructed images formed by the different 
wavelengths of light are formed at respectively different 
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positions (i.e., spatially separated from one another). 
For example, reconstructed images formed by light having 
wavelengths which are different from the center wave- 
length Xo, as represented by Xl and X2 in Figures 4D and 4E, 
5 are formed concurrently at positions different from that 
of the reconstructed image formed by light having the center 
wavelength Xo, but are not spatially superimposed on the 
intended reconstructed image formed by the light having the 
center wavelength X0 . Therefore , with the rainbow hologram , 
10 the reconstructed image 132 is relatively clearly observed, 
with the color of the image 132 changing as the observation 
position changes. 

The phenomenon that the reconstructed image 132 is 
15 observed with different colors depending upon the 
observation position is where the nomenclature "rainbow 
hologram" comes from, and various applications have been 
proposed in the art which take advantage of the phenomenon. 
However, in view of reconstructing a color image, on the 
20 other hand, such a change in the color of the reconstructed 
image 132 depending upon the observation position presents 
a disadvantage that a prescribed color image cannot be 
reconstructed. For example, in the case of the traffic sign 
as described above, use of a predetermined color also 
25 constitutes a part of the information to be transferred. 
Therefore, the above -de scribed characteristic of the 
rainbow hologram presents a very critical disadvantage in 
the application thereof to an optical information apparatus 
aims to clearly transfer prescribed information. 



30 



DISCLOSURE OF THE INVENTION 

The present invention has been made in view of the 
above-described problems existing in the prior art, and has 
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an objective of providing a light-weight optical display 
apparatus which occupies a small space and is capable of 
reconstructing/displaying image information in a bright and 
clear manner, by using a hologram technique based on a novel 
method. 

An optical display apparatus provided by one aspect 
of the present invention includes a hologram device and a 
light source. The hologram is a reflection-type hologram 
formed by: light having information of an object which is 
obtained by using light having passed through a slit; and 
reference light having an incident optical path different 
from that of the light having the information of the object, 
wherein a reconstructed image of the object is displayed 
by light from the light source. The above-described object 
is accomplished by such a feature. 

In one embodiment, the light having the information 
of the object is object light which is obtained by 
irradiating the object with diffused light having passed 
through the slit. The diffused light may be formed by 
passing light through a ground glass. 

In another embodiment, the light having the 
information of the object is reconstructed light obtained 
by reconstructing a transmission- type hologram which is 
formed by: object light obtained by irradiating the object 
with diffused light having passed through the slit; and 
irradiation light having an incident optical path different 
from that of the object light. The diffused light may be 
formed by passing light through a ground glass. 
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In still another embodiment, the light having the 
information of the object is reconstructed light of a 
transmission-type hologram which is obtained by passing 
through the slit which is arranged to be adjacent to the 
transmission-type hologram on which an image of the object 
is recorded. 

In still another embodiment, the light having the 
information of the object is reconstructed light of a 
transmission-type hologram which is obtained by passing 
through: the slit which is arranged to be adjacent to the 
transmission-type hologram on which an image of the object 
is recorded; and a cylindrical lens having its generatrix 
along a longitudinal direction of the slit. 

The reference light is provided by superposing a 
plurality of beams on one another in a direction orthogonal 
to a longitudinal direction of the slit. 

Preferably, the light source is a linear light 
source. The linear light source may be arranged on or in 
a vicinity of a plane orthogonal to a longitudinal direction 
of the slit. 

In one embodiment, an incident plane of the 
reference light is a plane orthogonal to a longitudinal 
direction of the slit. Alternatively, an incident plane of 
the reference light may be a plane different from a plane 
orthogonal to a longitudinal direction of the slit. 

An optical display apparatus provided by another 
aspect of the present invention is an optical display 
apparatus including a hologram device and a light source. 
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The hologram is a reflection- type hologram formed by: light 
having information of an object which is obtained by using 
diffused light diffusing in one direction; and reference 
light having an incident optical path different from that 
of the light having the information of the object, wherein 
a reconstructed image of the object is displayed by light 
from the light source. The above-described object is 
accomplished by such a feature. 

In one embodiment, the light having the information 
of the object is object light which is obtained by 
irradiating the object with the diffused light. 

In another embodiment, the light having the 
information of the object is reconstructed light obtained 
by reconstructing a transmission- type hologram which is 
formed by: object light obtained by irradiating the object 
with the diffused light; and irradiation light having an 
incident optical path different from that of the object light . 
The reference light may be provided by superposing a 
plurality of beams on one another in a direction orthogonal 
to the direction in which the diffused light diffuses. 

In still another embodiment, the light having the 
information of the object is reconstructed light of a 
transmission-type hologram which is obtained by passing 
through the slit which is arranged to be adjacent to the 
transmission -type hologram on which an image of the object 
is recorded. The reference light may be provided by 
superposing a plurality of beams on one another in a 
direction orthogonal to the direction in which the diffused 
light diffuses. 
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In one embodiment, the diffused light is formed by 
passing light through a lenticular lens. 

Preferably, the light source is a linear light 
source, the linear light source may be arranged on or in 
a vicinity of a plane orthogonal to the direction in which 
the diffused light diffuses. 

In one embodiment, an incident plane of the 
reference light is a plane orthogonal to the direction in 
which the diffused light diffuses. Alternatively, an 
incident plane of the reference light may be a plane 
different from a plane orthogonal to the direction in which 
the diffused light diffuses. 

According to the present invention, there is pro- 
vided an optical display system having a plurality of display 
units arranged on an arrangement plane in which recon- 
structed images from the plurality of units are synthesized 
and displayed, wherein each of the plurality of units is 
an optical display apparatus of the present invention having 
the above -de scribed feature. 

The hologram device in the optical display apparatus 
25 of the present invention may be provided by combining a 
plurality of hologram elements with one another. 

The hologram device in the optical display apparatus 
of the present invention may be formed on a flexible 
30 substrate. 
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The hologram device in the optical display apparatus 
of the present invention may be portable. 
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The light source in the optical display apparatus 
of the present invention may be a linear light source; and 
a length and an installation direction of the linear light 
source may be set so that a predetermined reconstructed image 
5 viewing range is obtained. 



The light source in the optical display apparatus 
of the present invention may be a linear light source; and 
10 a position where a reconstructed image is formed may be 
shifted by moving the linear light source out of an incident 
plane . 

In some cases , the optical display apparatus of the 
15 present invention includes a plurality of the hologram 
devices, wherein the plurality of hologram devices are 
reconstructed by one light source. 

The light source in the optical display apparatus 
20 of the present invention may be a linear light source. In 
some cases, the linear light source is a fluorescent lamp 
or a combination of a fluorescent lamp and a reflecting 
plate. 

25 The light source in the optical display apparatus 

of the present invention may be a linear light source 
including a polygon mirror and a point light source. 

The light source in the optical display apparatus 
30 of the present invention may be a linear light source which 
is a linear light source comprising a cylindrical mirror 
and a point light source. 



- 16 - 



P16267 



The light source in the optical display apparatus 
of the present invention may be a linear light source 
configured by a light beam which is linearly focused by a 
mirror or a lens. 

The light source in the optical display apparatus 
of the present invention may be a linear light source 
including an array of point light sources. 

The light source in the optical display apparatus 
of the present invention may be a linear light source 
configured by a bright line displayed on a two-dimensional 
display apparatus. 

According to the present invention, there may be 
provided an optical display system, including an optical 
display apparatus of the present invention having the 
above-described feature and an information communication 
apparatus. The optical display apparatus may three- 
dimensionally display a communication area of the 
information communication apparatus . A display area of the 
optical display apparatus and the communication area of the 
information communication apparatus may match with each 
other. The information communication apparatus may perform 
a one-way communication or an interactive communication of 
information. 

An optical display apparatus provided by another 
aspect of the present invention includes an image display 
apparatus, an imaging optical system and a hologram screen. 
The hologram screen is arranged to reflect light from a point 
light source so as to form a point image at a position 
different from the point light source; and the imaging 
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optical system is arranged to adjust a focus in a vertical 
direction of an image displayed on the image display 
apparatus to coincide with the hologram screen. The 
above-described object is accomplished by such a feature. 

In one embodiment, the formed point image is a real 

image . 

In another embodiment, the formed point image is a 
false image formed at a position on an opposite side of the 
point light source with respect to the hologram screen. 

In one embodiment, the imaging optical system has 
independent imaging functions in a vertical direction and 
in a lateral direction. For the vertical direction, a focus 
in the vertical direction of an image displayed on the image 
display apparatus is adjusted to coincide with the hologram 
screen; and for the lateral direction, a focal distance is 
arranged to be variable. 

The above-described optical display apparatus may 
further include polarization glasses whose polarization 
transmission directions for respective eyes are orthogonal 
to each other. 

According to the present invention, there may be 
provided an optical display system having a plurality of 
display units arranged in a lateral direction, wherein each 
of the plurality of display units is the optical display 
apparatus of the present invention having the above - 
described feature. 
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Moreover, according to the present invention, there 
may be provided an optical display system having a plurality 
of display units arranged in a depth direction, wherein each 
of the plurality of display units is the optical display 
apparatus of the present invention having the above- 
described feature. 

The image display apparatus may include: a display 
device selected from an LED, a CRT, a polymer dispersed type 
liquid crystal panel and an organic EL panel; and a 
polarization switching device. 

Moreover, the polarization switching device may 
include a ferroelectric liquid crystal panel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A and IB are a side view and a front view, 
respectively, illustrating a structure of a conventional 
optical traffic sign. 

Figure 2A is a diagram schematically illustrating 
a principle of producing a commonly- employed conventional 
hologram. 

Figure 2B is a diagram schematically illustrating 
a principle of reconstructing the hologram formed as 
illustrated in Figure 2A. 

Each of Figures 3A and 3B is a diagram schematically 
illustrating a principle of producing a conventional 
reflection-type hologram. 
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Figure 3C is a diagram schematically illustrating 
a principle of reconstructing the reflection -type hologram 
formed as illustrated in Figures 3A and 3B. 

5 Figure 3D is a schematic diagram for illustrating 

a reason why a reconstructed image of the reflection- type 
hologram is blurred. 

Figure 3E is a diagram schematically illustrating 
10 the wavelength dependency of the diffraction efficiency in 
the reflection-type hologram. 

Each of Figures 4A and 4B is a diagram schematically 
illustrating a principle of producing a conventional rainbow 
15 hologram. 

Figure 4C is a diagram schematically illustrating 
a principle of reconstructing the rainbow hologram formed 
as illustrated in Figures 4A and 4B. 

20 

Figure 4D is a schematic diagram for illustrating 
a reason why a reconstructed image of the rainbow hologram 
has only little blur. 

25 Figure 4E is a diagram schematically illustrating 

the wavelength dependency of the diffraction efficiency in 
the rainbow hologram. 



30 



Each of Figures 5A and 5B is a diagram schematically 
illustrating a principle of producing a reflection-type 
hologram according to the present invention. 
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Figure 5C is a diagram schematically illustrating 
a principle of reconstructing the reflection-type hologram 
of the present invention formed as illustrated in Figures 5A 
and 5B. 

Figure 6A is a schematic diagram for illustrating 
a reason why a reconstructed image of the reflection-type 
hologram of the present invention has only little blur. 

Figure 6B is a diagram schematically illustrating 
the wavelength dependency of the diffraction efficiency in 
the reflection- type hologram of the present invention. 

Each of Figures 7A and 7B is a diagram schematically 
illustrating the reflection-type hologram of the present 
invention formed as illustrated in Figures 5A and 5B being 
reconstructed by using a linear light source. 

Figure 8 is a side view illustrating a structure of 
an optical display apparatus according to Embodiment 1 of 
the present invention. 

Figure 9 is a plan view illustrating the optical 
display apparatus of Figure 8. 

Figure 10 is a perspective view illustrating an 
optical system for producing a hologram according the 
present invention . 

Figures 11A and 11B are a side view and a plan view, 
respectively, of the optical system for producing a hologram 
illustrated in Figure 10. 
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Figure 12 is a diagram schematically illustrating 
the geometrical relationship between the height of a 
hologram and the observation position. 

Figure 13 is a graph illustrating the relationship 
between the size of a reconstructed image and the observation 
position. 

Figure 14 is a diagram schematically illustrating 
a structure of an exposure optical system using a one- 
dimensional diffuser. 

Figures 15A and 15B are a side view and a plan view, 
respectively, illustrating a principle of reconstructing 
the hologram according to the present invention. 

Each of Figures 16A and 16B is a diagram illustrating 
a shape of an opening which can be used in observing a 
reconstructed image according to the present invention. 

Figure 17A is a perspective view illustrating a 
reconstruction optical system of the optical display 
apparatus of the present invention. 

Figures 17B and 17C are diagrams illustrating 
viewing angle ranges obtained when a fluorescent tube of 
the same length is provided in a horizontal arrangement and 
a vertical arrangement, respectively. 

Figure 18 is a side view illustrating a structure 
of an optical display apparatus according to Embodiment 2 
of the present invention. 
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Figure 19 is a diagram schematically illustrating 
that a viewing distance can be limited. 

Figure 20 is a plan view illustrating the optical 
display apparatus of the present invention where the 
installation position of a linear light source (fluorescent 
lamp) is spaced apart from the incident plane (when it is 
provided in an of f set arrangement ) 

Figure 21A is a diagram illustrating three exposure 
pattern masks respectively corresponding to the three 
primary colors. 

Figure 21B is a diagram illustrating a recon- 
structed image obtained by superposing the produced three 
primary color holograms on another. 

Figure 21C is a diagram illustrating the produced 
holograms being layered on a single substrate. 

Figure 22 is a graph illustrating the relationship 
between the change in color at the center of a reconstructed 
image and the reference light angle. 

Figure 23 is a graph illustrating the relationship 
between the color distribution in the reconstructed image 
and the reference light angle. 

Figure 24 is a graph illustrating the relationship 
between the color distribution in the reconstructed image 
and the observation position. 
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Each of Figures 25A to 25E illustrates a diagram 
illustrating an exemplary hologram being formed on a 
flexible substrate. 

5 Figure 26 illustrates a side view of an optical 

system for producing a hologram which is reconstructed and 
displayed with a color having a wavelength other than the 
laser oscillation wavelength. 

10 Figure 27A is a diagram illustrating an installed 

hologram in which the change in color is reduced within the 
viewing range thereof, and Figure 27B is a diagram illus- 
trating a normal hologram being reconstructed. 

15 Figure 28 is a conceptual diagram illustrating 

elementary holograms being combined together to produce a 
large display. 

Figures 29A and 29B are a front view and a side view, 
20 respectively, of an exemplary optical display apparatus in 
which three display units are arranged side by side. 

Figures 30A and 30B are diagrams illustrating an 
exemplary optical display apparatus in which three display 
25 units are arranged side by side for displaying a single large 
pattern, respectively showing separated reconstructed 
images and reconstructed images which are seamlessly 
synthesized together. 

30 Figure 31A is a side view illustrating a structure 

of an optical display apparatus according to Embodiment 12 
of the present invention. 
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Figure 31B is a diagram illustrating a pattern which 
is displayed by the optical display apparatus of Figure 31A. 

Figure 31C is a diagram illustrating elementary 
patterns which are recorded on the respective display units 
in the optical display apparatus of Figure 31A. 

Figure 3 ID is a diagram illustrating a recon- 
structed image which is displayed by the optical display 
apparatus of Figure 31A. 

Figure 32 is a perspective view of an optical display 
apparatus according to Embodiment 13 of the present 
invention. 

Figure 33 is a diagram illustrating a structure of 
a hologram unit included in the optical display apparatus 
of Figure 32. 

Figure 34 is a diagram illustrating a principle of 
operation of the optical display apparatus of Figure 32. 

Figure 35 is a perspective view of an optical display 
apparatus according to Embodiment 14 of the present 
invention. 

Figure 36 is a diagram illustrating a structure of 
a hologram unit included in the optical display apparatus 
of Figure 35. 

Figure 37 is a diagram illustrating a principle of 
operation of the optical display apparatus of Figure 35. 
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Figure 38 is a diagram illustrating a structure of 
an optical display apparatus according to Embodiment 15 of 
the present invention. 

Figures 39A and 39B are a side view and a plan view, 
respectively, of an optical system for producing a 
transmission-type hologram according to Embodiment 16 of 
the present invention ; 

Figure 40 is a side view of an optical system for 
producing a reflection-type hologram according to 
Embodiment 16 of the present invention. 

Figure 41 is a side view of an optical system for 
producing a transmission -type hologram according to 
Embodiment 17 of the present invention. 

Figure 42 is a side view of an optical system for 
producing a reflection -type hologram according to 
Embodiment 17 of the present invention. 

Figure 43 is a side view of an optical system for 
producing a reflection-type hologram according to 
Embodiment 18 of the present invention. 

Figure 44 is a side view of an optical display 
apparatus according to Embodiment 19 of the present 
invention. 

Figure 45 is a diagram schematically illustrating 
an image projected on a hologram screen in the optical 
display apparatus of Figure 44. 
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Figures 46A and 46B are a plan view and a side view, 
respectively, schematically illustrating a functional 
principle of the hologram screen in the optical display 
apparatus of Figure 44. 

Figure 47 is a diagram schematically illustrating 
an optical system producing a hologram screen in the optical 
display apparatus of Figure 44. 

Figures 48A and 48B are a plan view and a side view, 
respectively, schematically illustrating how a light beam 
travels in the optical display apparatus of Figure 44. 

Figures 49A and 49B are a plan view and a side view, 
respectively, schematically illustrating how a light beam 
travels from the hologram screen to the viewer in the optical 
display apparatus of Figure 44. 

Figure 50 is a diagram schematically illustrating 
distortion of a photographed image obtained by shooting a 
tall building with a normal camera. 

Each of Figures 51A to 51D is a diagram schematically 
illustrating a procedure of a front rising photographic 
technique . 

Figure 52 is a diagram schematically illustrating 
that the arrangement of the optical display apparatus of 
Figure 44 satisfies the condition of the front rising 
photographic technique. 

Figure 53 is a diagram illustrating an arrangement 
based on a Scheimpflug condition, which is a photographic 
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technique. 

Figures 54A and 54B are a plan view and a side view, 
respectively, schematically illustrating how a light beam 
travels in an optical display apparatus using a varifocal 
lens . 

Figure 55 is a diagram schematically illustrating 
an optical system for producing a hologram screen in an 
optical display apparatus by which an image is formed on 
the other side of the hologram screen. 

Figure 56 is a diagram schematically illustrating 
a structure of an optical display apparatus by which an image 
is formed on the other side of the hologram screen. 

Figure 57 is a diagram schematically illustrating 
a structure obtained when applying the optical display 
apparatus of Figure 56 to a head-up display. 

Figure 58 is a diagram schematically illustrating 
a structure of a three-dimensional display apparatus 
according to Embodiment 20 of the present invention. 

Figure 59A and 59B are a side view and a front view, 
respectively, of an exemplary optical display apparatus in 
which three display units are arranged side by side for 
displaying a single large pattern. 

Figure 60 is a front view of another exemplary 
optical display apparatus in which three display units are 
arranged side by side for displaying a single large pattern. 
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Figure 61 is a side view illustrating a structure 
of an optical display apparatus in which a plurality of 
display units are arranged in a depth direction of an image 
for displaying a single large pattern. 

Each of Figures 62A to 62C is a diagram illustrating 
an optical system for producing a hologram screen of each 
display unit included in the optical display apparatus of 
Figure 61. 

Figure 63A is a diagram illustrating a pattern to 
be displayed by the optical display apparatus of Figure 61. 

Figure 63B is a diagram illustrating elementary 
patterns which are recorded on the respective display units 
in the optical display apparatus of Figure 61. 

Figure 63C is a diagram illustrating a recon- 
structed image displayed by the optical display apparatus 
illustrated in Figure 61. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Before describing specific embodiments of the 
present invention, the principle of a hologram proposed by 
the present inventors for realizing an optical display 
apparatus of the present invention will be described. 

To produce a hologram according to the present 
invention , the hologram plate HI is first produced by the 
conventional method as illustrated in Figure 2A, which is 
then irradiated with reconstruction illumination light 
(laser light) RI41, as illustrated in Figure 2B, in a 
direction opposite to that of the reconstruction 
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illumination light RI1 illustrated in Figure 2B and through 
a slit having a width of A, as illustrated in Figure 5A. Thus , 
reconstruction light R41 # directed from the hologram 
plate HI to the position where the object was located, is 
5 reconstructed, thereby reconstructing a real image 
(reconstructed image) 141 of the object at a position where 
the object was located. Then, a hologram dry plate H4 is 
placed at a position spaced apart from the reconstructed 
image 141 of the object by a distance ZO, as illustrated in 

10 Figure 5B, and reference light RL4 is directed to be incident 
upon the hologram dry plate H4 from an inclined direction 
opposite from the hologram plate HI. The reference 
light RL4 is formed by splitting light emitted from the same 
laser light source as the reconstruction illumination 

15 light RI41 by means of a beam splitter, or the like. Thus, 
interference fringes between the reconstruction 
illumination light RI41 and the reference light RL4 are 
recorded on the hologram dry plate H4. The hologram dry 
plate H4 on which such interference fringes (having 

20 information of the object) are recorded as a reflection- type 
hologram will hereinafter be referred to also as the 
"reflection-type hologram plate H4" . 

Figure 5C is a diagram schematically illustrating 
25 a principle of reconstructing the rainbow hologram plate H4 
formed as described above. 

In particular, the hologram plate H4 is irradiated 
with reconstruction illumination light (white light) RI42 
30 which propagates in a direction diametrically opposite to 
that of the reference light RL4 illustrated in Figure 5B. 
Thus, reconstruction light R42 having information of the 
object recorded on the hologram plate H4 is reconstructed 
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and directed toward the position where the slit was located 
during the hologram production, so as to form a reconstructed 
image 142 at a position where the object was originally 
located. 

With a hologram of the present invention formed as 
described above, the reconstructed image 142 to be observed 
is clearer as compared to that observed by the conventional 
reflection -type hologram, without the problem of a 
substantial change in the color of the reconstructed image 
depending upon the observation position as in the 
conventional rainbow hologram. The reason for this will be 
described below. 

The reconstruction illumination light directed 
toward the hologram of the present invention is white light . 
Therefore, wavelengths other than a wavelength Xo of the 
laser light used to produce the hologram are also contained 
in the reconstruction illumination light. However, a 
reflection-type has a high wavelength selectivity, as shown 
in a graph of Figure 6B illustrating the wavelength 
dependency of the diffraction efficiency, whereby 
substantially none of light having a wavelength far away 
from the wavelength (center wavelength) Xo of the laser 
light used to produce the hologram is diffracted. Therefore, 
basically, only light having a wavelength close to the center 
wavelength Xo is diffracted to be the reconstruction 
light R42, thereby reconstructing the image 142 from such 
light. In practice, other reconstructed images are 
concurrently formed from light having a wavelength which 
is close to, but different from, the center wavelength XO, 
as represented by Xl and X2 in Figures 6A and 6B. However, 
since the present invention uses a slit when producing a 
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hologram, the reconstructed images formed by the different 
wavelengths of light are formed at respectively different 
positions (i.e., spatially separated from one another). 
For example, reconstructed images formed by light having 
5 wavelengths which are different from the center wave- 
length Xo, as represented by Xl and X2 in Figures 6A and 6B, 
are formed concurrently at positions different from that 
of the reconstructed image formed by light having the center 
wavelength Xo , but are not spatially superimposed on the 
10 intended reconstructed image formed by the light having the 
center wavelength Xo. Therefore, with the hologram of the 
t3 present invention, although the color of the reconstructed 

yj image 142 slightly changes as the observation position 

H changes, the reconstructed image 142 of each color is 

f=* 15 clearly observed. 

y l 
fy 

™ The hologram of the present invention is of a 

Q reflection- type, and thus has a high wavelength selectivity 

^ in the diffraction efficiency, whereby light having a 

jj 20 wavelength other than those closer to the center wave- 

P length XO is not diffracted. Therefore, where white light 

fec? from a point light source spaced apart from the rainbow 

hologram plate H4 by a certain distance is used as the 
reconstruction illumination light, when the observation 
25 position changes substantially (i.e., when the observer 
moves substantially) , the diffraction efficiency of the 
hologram for the wavelength which forms an image which can 
be observed from the observation position becomes zero, 
whereby no reconstructed image is observed. In other words , 
30 the viewing range for the reconstructed image 142 is ex- 
tremely narrowed when the hologram of the present invention 
is reconstructed by collimated light RI42A from a point 
light source . 
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However, when the reconstruction illumination 
light RI42 to be incident upon the hologram plate H4 is not 
collimated light but is a group of light beams having 
respective incident angles, as illustrated in Figure 7A, the 
5 reconstructed images 142 are reconstructed at spatially 
different positions by beams of reconstructed light R42 
having most suitable wavelengths for the respective incident 
angles * Such an incident condition can be realized by using 
a linear light source LL rather than a point light source* 
10 In particular, when the linear light source LL such as a 
fluorescent lamp is used as the light source LL of the 
O reconstruction illumination light RI42 for the hologram of 

2 the present invention, as illustrated in Figure 7B, it is 

03 possible to intentionally provide a certain angle range to 
15 the incident angle of the reconstruction illumination 

ITU light RI42 for the hologram plate H4, thereby widening the 

viewing range for the reconstructed image 142. 

Jl!! Then, when the observation position for the hologram 

J: 20 of the present invention changes, the color of the 

Q reconstructed image 142 changes as in the case of the 

~~ conventional rainbow hologram. However, the rate of such 

change in the color of the reconstructed image 142 is as small 
as several % with respect to the color change of a rainbow 
2 5 hologram . For example , where a hologram plate is formed with 
reference light of an incident angle of 45° , the wavelength 
changes on the order of 100 nm for a change in the observation 
position for a rainbow hologram such that the color of the 
reconstructed image changes from blue to red- On the 
30 contrary, for the hologram of the present invention, the 
wavelength of the reconstructed image 142 changes by about 
6 nm for a similar change in the observation position, 
whereby substantially no color change is recognized. 
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When the structure of the hologram of the present 
invention as described above is applied to a conventional 
rainbow hologram, reconstructed images of seven colors 
overlap one another, thereby whitening the overall image. 
5 This is because the conventional rainbow hologram is a 
transmission-type hologram, whereas the hologram of the 
present invention is of a reflection type and thus has a 
high wavelength dependency of the diffraction efficiency. 

1° Thus, the principle of forming a hologram of the 

present invention takes advantage of the characteristic of 
a reflection -type hologram of "a high wavelength dependency 
of the diffraction efficiency and thus a narrow viewing range 
for the reconstructed image", which was considered as a 

15 disadvantage of the conventional reflection- type hologram, 
and forms a hologram plate by recording, as a reflection -type 
hologram, an image reconstructed by laser light which has 
passed through a slit. When a reconstructed image is 
obtained by using a hologram plate formed as described above, 

20 it is possible to obtain characteristics which were not 
obtained by various conventional hologram forming 
principles, e.g.: the image is not substantially blurred 
even when the observation position is shifted; and the 
wavelength selectivity is high so that it is possible to 

25 obtain a color reconstructed image by superimposing 
reconstructed images on one another. 



Hereinafter, various embodiments of optical display 
apparatuses according to the present invention which are 
30 provided by using the hologram method of the present 
invention which is based on the above-described principle. 
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(Embodiment 1) 

Figure 8 is a side view illustrating a structure of 
an optical display apparatus according to Embodiment 1 of 
the present invention, and Figure 9 is a plan view of the 
5 optical display apparatus. In this embodiment , the optical 
display apparatus of the present invention is used as a 
traffic sign in a tunnel. 

In Figure 8, reference numeral 1 denotes an optical 
10 display apparatus of the present embodiment; 2 a hologram; 

3 a fluorescent lamp as a linear light source; 4 fluorescent 
lamp fittings, and 5 a shield plate. The optical display 
apparatus 1 is provided on a ceiling plane 7 of a tunnel 6 . 

15 A portion of illumination light 8 emitted from the 

fluorescent lamp 3 is incident upon the hologram 2, and is 
diffracted by the hologram 2 so as to become reconstructed 
light 9, thus forming a reconstructed image 11 on a virtual 
display plane 10. Then, the reconstructed image 11 as 

20 viewed from the front side thereof is viewed from a car 
running through the tunnel 6 as if it were hung at a position 
downwardly spaced apart from the ceiling plane 7 of the 
tunnel 6. However, this is only a display (the recon- 
structed image 11 ) on the virtual display plane 10 , and there 

25 is no object actually existing at the position. Therefore, 
there is no chance for a car collision. 

The virtual display plane 10 is a plane or a curved 
surface which is virtually provided in a space. The re- 
30 fleeted light from the surface of the hologram 2 can be 
deflected in a direction toward the road surface (reflected 
light in this direction is shown in Figure 8) or in a 
direction toward the ceiling plane 7 (reflected light in 
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this direction is not shown in Figure 8 ) , whereby the 
reflected light will not be directly incident upon the 
driver's eye. Rather, the reflected light is effectively 
used as illumination light for illuminating the road surface 
5 or the ceiling plane. 



Moreover, a portion of the illumination light 8 from 
the fluorescent lamp 3 is shielded by the shield plate 5, 
whereby it will not be directly incident upon the driver's 
10 eye. Other portions of the illumination light 8 directed 
directly toward the road surface or the ceiling plane can 
also be effectively used as illumination light for 
illuminating the road surface or the ceiling plane. 

15 The light source section including the fluorescent 

lamp 3 and the fluorescent lamp fittings 4 may be provided 
by using common lamp fittings as those used in houses or 
offices, but it is preferred to make it waterproof so that 
water does not get into it during a tunnel clean-up. For 

20 example, the light source section can be provided by 
embedding the fluorescent lamp 3 and the fluorescent lamp 
fittings 4 into the ceiling plane 7 of the tunnel 6, and 
covering them with a transparent cover. 

25 Next, a principle by which the hologram 2 forms the 

reconstructed image 11 on the virtual display plane 10 will 
be described in association with a method for producing the 
same. 



30 



First, a method for producing the hologram 2 will 
be briefly described with reference to Figure 10. 
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Figure 10 is a perspective view illustrating an 
optical system for producing the hologram 2, wherein 
reference numeral 12 denotes a slit, 13 a pattern mask for 
a traffic sign indicating a speed limit, 14 object light, 
5 15 an incident plane, 16 reference light, and 17 a hologram 
dry plate. Although the optical system illustrated in 
Figure 10 is arranged in a horizontal arrangement where it 
is laid horizontally at 90° since the production optical 
system is normally arranged on an optical table, a vertical 

10 arrangement is illustrated herein according to the 
arrangement used during an operation of the optical display 
apparatus. Moreover, in practice, a pattern mask having a 
plurality of different patterns is used corresponding to 
the three primary colors, and the hologram is produced by 

15 appropriately switching the wavelength of the laser for 
exposure and the arrangement of the optical system. However, 
for the sake of simplicity, an arrangement having the single 
pattern mask 13 will be described herein. 

20 A method for producing the hologram 2 is as follows . 

First, argon laser light having a wavelength of 
514.5 nm, which has been transmitted through a ground glass 
to be diffused light, is directed to be incident upon the 
slit 12, Information of the pattern mask 13 is read by the 

25 light having passed through the slit 12, so as to form the 
object light 14. This arrangement is intended to show the 
reconstructed image as if it is floating, and the pattern 
mask 13 is placed to be front -sided as viewed from the slit 12 
side. The slit to be used has a width of about 1.5 mm, and 

30 a length of about 40 mm, for example. 

The substantially collimated reference light 16 
emitted from the argon laser is directed to be incident upon 
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incident plane 15 which is uniquely defined as a plane 
vertical to the longitudinal direction of the slit 12. 
Herein, the reference light 16 is directed to be incident 
at an angle of 15° from the reverse side of the hologram 
5 dry plate 17 to form a reflection hologram. Although it is 
not necessarily required that the reference light 16 is 
incident upon the incident plane 15, an arrangement where 
the reference light 16 is incident upon the incident plane 15 
is depicted herein as a more preferred embodiment. 

10 

Thus, the object light 14 and the reference light 16 
form interference fringes, and the interference fringes are 
recorded on the hologram dry plate 17. A silver salt, a 
dichromate gelatin, a photopolymerizable photopolymer , or 
15 the like, is typically used as a material of the hologram 
dry plate 17. For example, a dry-film type 

photopolymerizable photopolymer having a thickness of about 
20 \xm is attached to a glass substrate so as to provide the 
hologram dry plate 17 . 

20 

Next, the method for producing the hologram 2 will 
be described in greater detail. 

Figures 11A and 11B are a side view and a plan view, 
25 respectively, of the optical system for producing a hologram 
illustrated in Figure 10. Reference numeral 18 denotes a 
ground glass, 19 laser light, and 20 diffused light. 

As illustrated in Figure 11A, the laser light 19 is 
30 incident upon the ground glass 18 so as to be the diffused 
light 20 and then incident upon the slit 12. The slit 12 
has a narrow width as viewed from a side thereof, and 
transmits only a portion of the diffused light 20. 
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Therefore, light having passed through the slit 12 as viewed 
form the side appears as spread light coming from a single 
point. This light reads the information of the pattern 
mask 13 , and irradiates the hologram dry plate 17 as the 
object light 14* This can be considered as projection of 
the pattern mask 13 onto the hologram dry plate 17. The 
object light 14 including the information of the object 
forms interference fringes with the reference light 16 
incident upon the reverse side of the hologram dry plate 17, 
and the interference fringes are recorded on the hologram 
dry plate 17. 

At this time, the "shadow" of the pattern mask 13 
projected onto the hologram dry plate 17 has been enlarged. 
In view of the rate of projection magnification, the pattern 
mask 13 is produced while being shrunk in one direction. 
Although the rate of magnification varies depending upon 
the setting of the optical system, it normally is about 1.2 
to about 2. 

More specifically, assuming the original height of 
the pattern mask 13 to be Hm, and the height of the image 
actually viewed from the observation position OP to be Hi, 
the rate of magnification is expressed as follows based on 
the geometric relationship shown in Figure 12: 

Hi=Hm(l-zO/L' )/(l-zO/L) . 
Herein, zO denotes the distance from the hologram dry 
plate 17 to the image (the pattern mask 13), L denotes the 
distance from the hologram dry plate 17 to the slit 12 during 
the hologram production, and L f denotes the distance from 
the hologram dry plate 17 to the observation position OP. 
As can be seen from this, the rate of magnification is 1 
when L=L ' ; i.e., there is no enlargement /shrinkage effect 
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when the image is observed from the position where the slit 12 
was located. On the other hand, an enlargement /shrinkage 
effect is provided when the distance L 1 changes, i.e., when 
the image is observed from a wide area away from the position 
5 where the slit 12 was located* 

This relationship is illustrated in Figure 13 as the 
relationship between the normalized observation distance 
(L'/L) and the normalized image height (Hi/Hm) , using L/zO 
10 as a parameter. This shows that the value L/zO may be 
increased in order to reduce the change in the rate of 

y magnification experienced when the image is viewed from a 

wide area. The rate of magnification can be suppressed to 

p3 be 1.1 or less (i.e., a change in shape of 10% or less) even 

\p 15 when the image is viewed from a wide area, preferably by 

Hj setting L/zO to be 10 or more. 

2 

P More preferably, if the value L/zO is selected to 

t! be substantially infinite, the change in the rate of 

jE 20 magnification would be substantially eliminated. Back to 

2 ttle definition, selecting the value L/zO to be substantially 

infinite means that, excluding the case where z0=0, the line 
extending from the slit 12 to the hologram dry plate 17 has 
no gradient. Therefore, the slit 12 and the ground glass 18 
25 may be replaced with a one-dimensional dif fuser 1001 which 
has a light diffusing effect only in the width direction 
of the hologram dry plate 17 with no light diffusing effect 
in the height direction of the hologram dry plate 17, as 
illustrated in Figure 14. There are a number of examples 
30 for such a dif fuser 1001, including those using a 
diffraction grating, or those which are holographically 
produced, or a lenticular lens sheet having an array of 
cylindrical lenses may alternatively be used. 
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Now, the method for producing a hologram using the 
slit 12 and the ground glass 18 will be further described. 

As illustrated in the plan view of Figure 11B, the 
5 slit 12 has a large width as viewed from the above, and 
transmits the diffused light 20 coming from the ground 
glass 18 over a wide range. In Figure 11B, diffused light 
having passed through the central portion of the slit 12 is 
indicated by a solid line, while diffused light having passed 
10 through an end portion of the slit 12 is indicated by a broken 
line. Information of the pattern mask 13 obtained when 
y viewed from the front side thereof is projected onto the 

yj hologram dry plate 17 by the diffused light indicated by the 

f3 solid line, whereas information of the pattern mask 13 

[yi 15 obtained when viewed from a slightly inclined direction 

[U through the end portion of the slit 12 is projected onto the 

^ hologram dry plate 17 by the diffused light indicated by the 

p broken line . The object light 14 including such information 

ST forms interference fringes with the reference light 16 

U 

jp; 20 incident upon the reverse side of the hologram dry plate 17, 

P and the interference fringes are recorded on the hologram 

dry plate 17. This is the principle of how reconstructed 
images of the pattern mask 13 as viewed from different angles 
are formed on the respective eyes of the observer when the 
25 hologram is reconstructed. 

Although side views and plan views have been 
separately described in the above for simplicity, it is 
understood that the interference fringes are simultaneously 
30 recorded in an actual hologram producing process. 

Now, a principle of reconstructing the hologram of 
the present invention will be described. 
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The illumination light used to reconstruct a 
hologram is typically conjugate light of reference light. 
Since in the process of producing a hologram of the present 
invention, the reference light is collimated light as 
5 described above, the illumination light may also be 
collimated light. However, although collimated light can 
be easily provided when producing a hologram because laser 
light is used, it is difficult to provide collimated light 
from a white light source such as a halogen lamp which is 

10 typically used for reconstructing a hologram. Practically, 
a light source with a small light -emitting section is 
selected, while limiting the aperture thereof, for 
reconstructing a hologram. Such a light source, which can 
be considered substantially as a point light source, is 

15 arranged sufficiently away from the hologram, so as to 
illuminate the hologram with diffused light which can be 
considered as substantially collimated light. The image of 
the hologram 2 of the present embodiment can generally be 
reconstructed by such a method. 

20 

Figures 15A and 15B are a side view and a plan view, 
respectively, illustrating a principle of reconstructing 
the hologram 2 . Reference numeral 21 denotes a halogen lamp , 
22 an opening, 23 illumination light, 24 reconstructed light, 
25 25 an observer, and 26 a reconstructed image of the slit 12. 

Light emitted from the halogen lamp 21 is limited 
by the opening 22, so as to form the illumination light 23 
which can be considered as substantially collimated light. 
30 The reconstructed light 24 formed by diffracting the 
illumination light 23 with the hologram 2 forms the 
reconstructed image 11 on the virtual display plane 10 , i.e., 
in the vicinity of the position where the pattern mask 13 
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was located when producing the hologram, whereby the ob- 
server 25 views the reconstructed image 11 as if it is 
floating apart from the hologram plane. 

As a result of an observation, the viewing angle in 
the horizontal direction for which the reconstructed im- 
age 11 can be observed is about 8° , which means that the 
display provided by the optical display apparatus 1 of the 
present invention can be recognized from a car at a distance 
of 50 m to 100 m away from the display even if the car changes 
lanes (i.e. , moves in the horizontal direction by about 6 m) 
on an actual road. However, the viewing angle in the 
vertical direction is as small as about 1° , which means that 
it may not be possible to ensure a sufficient zone or time 
for which the sign can be recognized from a car moving at 
a high speed. 

Moreover, the reconstructed image 11 appears to be 
brightest when the observer is at the position where the 
reconstructed image 26 of the slit 12 is formed, i.e., the 
position where the slit 12 was located when producing the 
hologram, and the entire reconstructed image 11 can be seen 
when the observer is in the vicinity of such a position. 
However, only a portion of the image can be seen when the 
observer moves from the position toward the hologram 2 or 
away from the hologram 2. 

The above observation result shows that although a 
reconstructed image can be obtained but it is extremely 
difficult to provide a practical traffic sign for tunnels 
by reconstructing it with a point light source. 
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Therefore, the present inventors continued to study 
the positional relationship between the light source and 
the hologram, and the interaction between the illumination 
light and the hologram, and conducted a more detailed 
observation of the reconstructed image, thereby discovering 
a unique practical advantage which is extremely important 
to solving the above-described problems and providing the 
optical display apparatus 1 of the present invention. 

Figures 16A and 16B illustrate two characteristic 
shapes for the opening 22 used during the above -de scribed 
observation of the reconstructed image. 

As a result of the observation, while the recon- 
structed image of the hologram 2 was blurred when the width 
of the opening 22 was widened in the horizontal direction 
as illustrated in Figure 16A, while the reconstructed image 
of the hologram 2 was not blurred when the length of the 
opening 22 was extended in the vertical direction as 
illustrated in Figure 16B. Moreover, the viewing range in 
the vertical direction was increased as the length of the 
opening 22 was extended, with the color of the reconstructed 
image being unchanged within the viewing range. That is, 
the observer always observes an image of the same color which 
is not blurred within the viewing range. This is a 
significant advantage provided by providing the hologram 2 
with a reflection- type hologram. 

When the opening 22 which is elongated in the 
vertical direction is used, the entire reconstructed image 
can be observed even when the observer moves from the 
position where the reconstructed image 26 of the slit 12 is 
formed toward the hologram 2 or away from the hologram 2. 
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That is, the observer sees the entire, unblurred image of 
the same color without any portion thereof being cut out 
even when the observer changes position with respect to the 
image in the depth direction* 

5 

Although the expression "the color does not change" 
is used herein, strictly speaking, the reconstructed 
wavelength changes. However, the change in wavelength can 
be suppressed to a level such that it cannot be perceived 
10 by a human eye, by appropriately selecting the parameters 
of the hologram* 

y5 

m The above -described observation result means that 

fj it is possible to solve all of the above -described problems 

yi 15 and to provide a practical traffic sign for tunnels by 

ru employing a combination of the hologram 2 and the verti- 

cally-elongated opening 22 of the present invention. 

0 

J The straight tube fluorescent lamp 3 is used as a 

4:: 20 light source in Embodiment 1 of the present invention, as 

2 illustrated in Figure 8. Even when the image is recon- 

*"* structed with the straight tube fluorescent lamp 3, an 

unblurred, bright reconstructed image with no change in 
color can be obtained. Moreover, an unblurred recon- 
25 structed image can always be recognized even when observing 
the hologram 2 as by viewing it from an upward or downward 
direction. As the fluorescent lamp 3 is brought slightly 
closer to the hologram 2 under a predetermined condition, 
the viewing angle in the vertical direction may reach ±5° , 
30 which implies that it is possible to ensure a sufficient 
zone and time for which the sign can be recognized from a 
car moving at a high speed. Moreover, the reconstructed 
image will not be cut off even when the distance from the 
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hologram 2 changes, whereby the reconstructed image can be 
seen sufficiently before the optical display apparatus 1. 

While the reference light 16 is directed to be 
incident upon the incident plane 15 in the process of 
producing the hologram, the present invention is not limited 
thereto. Moreover, while the fluorescent lamp is arranged 
on the incident plane 15 for reconstructing the image, the 
present invention is not limited thereto. According to the 
present invention, the incident direction of the reference 
light and the arrangement and direction of the linear light 
source each have some degree of tolerance. 

Moreover, for the method of producing a hologram 
using the diffuser 1001, the incident plane can be defined 
as a plane perpendicular to the direction in which the 
diffused light is spread. While the reference light is 
directed to be incident upon the incident plane in the basic 
arrangement, the present invention is not limited thereto. 
Moreover, although the fluorescent lamp is arranged on the 
incident plane for reconstructing the image in the basic 
arrangement, the present invention is not limited thereto. 

(Embodiment 2) 

While the fluorescent lamp 3, which is a linear light 
source, is horizontally arranged in Embodiment 1, the 
installation condition of the fluorescent lamp 3 is not 
limited in terms of the orientation thereof as long as it 
is basically placed in a position on the incident plane 15 
or in the vicinity of such a position. 

Figure 17A is a perspective view illustrating a 
reconstruction optical system of the optical display 



- 46 - 



P16267 



apparatus of the present invention, wherein the system may 
be arranged in either one of the horizontal and vertical 
arrangements illustrated, or at any intermediate angle 
therebetween. However, the viewing angle range in the 
vertical direction varies depending upon the installation 
direction. 

Figures 17B and 17C are diagrams for comparing the 
viewing angle ranges obtained when a fluorescent tube of 
the same length is provided in the horizontal arrangement 
and the vertical arrangement . 

In the case of the horizontal arrangement of Fig- 
ure 17B, illumination light 28 emitted from the right end 
of a fluorescent lamp 27 is diffracted by the hologram 2 # 
thereby forming a reconstructed image 29, which is recog- 
nized by an observer 30. On the other hand, illumination 
light 31 emitted from the left end of the fluorescent lamp 27 
is diffracted by the hologram 2, thereby forming a recon- 
structed image 32, which is recognized by an observer 33. 
The angle formed by the position of the observer 30 and that 
of the observer 33 with respect to the hologram 2 is the 
viewing angle range for the horizontal arrangement. 

In the case of the vertical arrangement of Figure 17C, 
illumination light 34 emitted from the lower end of the 
fluorescent lamp 27, which is indicated by a solid line, is 
diffracted by the hologram 2, thereby forming a recon- 
structed image 35, which is recognized by an observer 36. 
On the other hand, illumination light 37 emitted from the 
upper end of the fluorescent lamp 27 is diffracted by the 
hologram 2, thereby forming a reconstructed image 38, which 
is recognized by an observer 39. The angle formed by the 
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position of the observer 36 and that of the observer 39 with 
respect to the hologram 2 is the viewing angle range for the 
vertical arrangement. 

A comparison between the horizontal arrangement and 
the vertical arrangement shows that a larger viewing angle 
can be obtained with the vertical arrangement. From a 
different point of view, a shorter fluorescent lamp can be 
used when employing an arrangement close to the vertical 
arrangement. Strictly speaking, it is more preferred to 
arrange the fluorescent lamp to be perpendicular to the 
optical path for the reconstruction illumination light. 

Figure 18 is a side view illustrating a structure 
of an optical display apparatus according to Embodiment 2 
of the present invention. Also in this embodiment, the 
optical display apparatus of the present invention is used 
as a traffic sign in a tunnel. 

In Figure 18, reference numeral 40 denotes the 
optical display apparatus of the present embodiment, 41 a 
fluorescent lamp, which is a linear light source, 42 
fluorescent lamp fittings, and 43 a reflecting plate. The 
optical display apparatus 40 is provided on the ceiling 
plane 7 of the tunnel 6. 

Direct light emitted from the fluorescent lamp 41 
and indirect light which has been once reflected by the 
reflecting plate 43 are synthesized together, thereby 
forming illumination light 44 . The effect of the reflecting 
plate 43 makes possible an even brighter display. A portion 
of the illumination light 44 which is incident upon the 
hologram 2 is diffracted by the hologram 2 to be recon- 
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structed light 45, thereby forming the reconstructed im- 
age 11 on the virtual display plane 10. Then, the recon- 
structed image 11 as viewed from the front side thereof is 
viewed from a car running through the tunnel 6 as if it were 
5 a traffic sign indicating a speed limit hung at a position 
downwardly spaced apart from the ceiling plane 7 of the 
tunnel 6. However, this is only a display (the recon- 
structed image 11) on the virtual display plane 10, and there 
is no object actually existing at the position. Therefore, 
10 there is no chance for a car collision. 

The virtual display plane 10 is a plane or a curved 
surface which is virtually provided in a space. The re- 
flected light from the surface of the hologram 2 can be 

15 deflected in a direction toward the road surface (reflected 
light in this direction is shown in Figure 18) or in a 
direction toward the ceiling plane 7 (reflected light in 
this direction is not shown in Figure 18), whereby the 
reflected light will not be directly incident upon the 

20 driver's eye. Rather, the reflected light is effectively 
used as illumination light for illuminating the road surface 
or the ceiling plane. 



Moreover, a portion of the illumination light 44 
25 from the fluorescent lamp 41 is shielded by the fluorescent 
lamp fittings 42 and/or the reflecting plate 43, whereby it 
will not be directly incident upon the driver's eye. Other 
portions of the illumination light 44 directed directly 
toward the road surface or the ceiling plane can also be 
30 effectively used as illumination light for illuminating the 
road surface or the ceiling plane. 
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The light source section including the fluorescent 
lamp 41 and the fluorescent lamp fittings 42 may be provided 
by using common lamp fittings as those used in houses or 
offices, but it is preferred to make it waterproof so that 
5 water does not get into it during a tunnel clean-up. For 
example, the light source section can be provided by covering 
the fluorescent lamp 41 and the fluorescent lamp fittings 42 
with a transparent cover. 

10 (Embodiment 3) 

The viewing range can be intentionally limited by 
utilizing the above -described characteristic that the 
viewing angle range is dependent upon the length of the 
fluorescent lamp and the direction in which the fluorescent 

15 lamp is arranged. For example, by appropriately setting the 
length of the fluorescent lamp and the direction in which 
the fluorescent lamp is arranged, it is possible to realize 
an arrangement such that the traffic sign becomes visible 
at a distance of 100 m before the sign and becomes invisible 

20 at a distance of 50 m before the sign, as illustrated in 
Figure 19. 

This arrangement can be practiced with an optical 
display apparatus of any of the embodiments described in 
25 this specification. 

(Embodiment 4) 

Figure 20 is a plan view illustrating an optical 
display apparatus of the present invention where the 
30 installation position of the fluorescent lamp 46 is spaced 
apart from the incident plane 15. 
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A reconstructed image 48 can be well recognized also 
in this case though it is associated with a slight change 
in color and a slight reduction in the viewing angle range. 
However, the observer 49 needs to observe the image from a 
5 position moved from the incident plane 15 in a direction 
opposite to the direction in which the fluorescent lamp 46 
is moved from the incident plane 15 , as illustrated in 
Figure 20 . This is because illumination light 47 is 
incident upon the hologram 2 in an inclined direction, 

10 whereby the reconstructed image 48 is formed at a position 
spaced apart from the incident plane 15. The above- 
described arrangement can be positively used for display, 
when it is difficult to install the fluorescent lamp 46 on 
the incident plane 15 for reasons such as for saving the 

15 installation space for the optical display apparatus* It 
is understood that it is possible to intentionally produce 
a hologram in view of such a reconstruction arrangement. 

This arrangement can be practiced with an optical 
20 display apparatus of any of the embodiments described in 
this specification . 

(Embodiment 5) 

Only the process for a single pattern mask and the 

25 reconstruction of a hologram produced by such a process have 
been described above. This may suffice for a single color 
display. However, for producing a color display, a hologram 
is produced by layering different pattern masks 
corresponding to the colors to be displayed on one another 

30 so as to realize the color display. 

Figure 21A illustrates three exposure pattern masks 
corresponding to the three primary colors. These pattern 
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masks are used as objects so as to produce single-color 
holograms of R, G and B, respectively. Figure 2 IB illus- 
trates a reconstructed image obtained by superposing the 
three produced holograms on one another. Figure 21C 
5 illustrates the produced holograms being layered on a single 
substrate. 

The useful characteristic of the hologram described 
in the embodiments of the present invention, i.e., the 

10 characteristic that the color of the reconstructed image 
does not change within the viewing range even when the 
vertical opening limit width is widened, holds for various 
colors. Therefore, the color of the color reconstructed 
image of the layered hologram does not change within the 

15 viewing range (strictly speaking, the reconstructed 
wavelength slightly changes, but the change in wavelength 
cannot be perceived by a human eye as a substantial change 
in color) . The change in the reconstructed wavelength at 
the center of the reconstructed image depends upon the 

20 incident angle 0 of the reference light which is set when 
producing the hologram of each color, as illustrated in the 
wavelength shift ratio with respect to the incident angle 8 
of the reference light (AXR/AX,T) in Figure 22. In 
particular, the change in color increases as the incident 

25 angle 6 of the reference light increases. However, in the 
case where the incident angle of the reference light 8=30° , 
for example, the change in color (the change in wavelength) 
within a viewing angle range of ±2° , which is required for 
a sign, is about 4 nm, which cannot be substantially per- 

30 ceived by a human eye. Therefore, for a commonly-employed 
incident angle of the reference light, 8=45° or less, the 
reconstructed image is perceived as having a single color. 
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The wavelength shift ratio with respect to the 
incident angle 6 of the reference light (AXR/AX/T), as 
illustrated in Figure 22, denotes the ratio of the amount 
of wavelength shift AXR for the arrangement of the present 
invention, which is a reflect ion -type hologram, with respect 
to the amount of wavelength shift AXT for a transmis- 
sion-type hologram such as the conventional rainbow 
hologram* 

More strictly, when a color distribution exists in 
the reconstructed image, and the incident angle 0 of the 
reference light increases , the color distribution increases . 
This relationship is illustrated in Figure 23 as the 
relationship between the reference light angle and the 
reconstructed wavelength width. Herein, H denotes the 
height of the hologram. Figure 23 shows that by selecting 
the parameter L/H to be a large value, it is possible to 
reduce the color distribution to an unrecognizable level 
within the range of the incident angle of the reference light , 
8=45° or less. 

The color distribution in the reconstructed image 
also changes depending upon the observation position. In 
particular, the change in color increases as the observation 
position moves farther away. This relationship is illus- 
trated in Figure 24 as the relationship between the 
normalized observation position and the reconstructed 
wavelength width. This shows that by appropriately 
selecting the parameter L/H, it is possible to reduce the 
color distribution to an unrecognizable level. 

More preferably, if the value L/H could be selected 
to be substantially infinite, the change in the rate of 
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magnification would be substantially eliminated. Back to 
the definition, selecting the value L/H to be substantially 
infinite means that the line extending from the slit to the 
hologram has no gradient . Therefore , the slit and the ground 
glass may be replaced with a one-dimensional dif f user which 
has a light diffusing effect only in the width direction 
of the hologram with no light diffusing effect in the height 
direction of the hologram. There are a number of examples 
for such a dif f user, including those using a diffraction 
grating, or those which are holographically produced. For 
example, a lenticular lens sheet having an array of 
cylindrical lenses may be used. 

The arrangement of the exposure optical system to 
be used in such a case is as described above with reference 
to Figure 14. 

The arrangement of the present embodiment as de- 
scribed above can be practiced with an optical display 
apparatus of any of the embodiments described in this 
specification . 

(Embodiment 6) 

The hologram 2 of the present invention can be 
layered with a flexible substrate which can be bent, rolled, 
or folded, as illustrated in Figures 25A to 25C, respec- 
tively. 

While a hologram dry plate is formed by attaching 
a dry film type photopolymer to a glass substrate in the 
above -de scribed process of producing the hologram 2, the 
photopolymer on which a hologram image has been recorded 
can be detached from the glass substrate and re-attached 
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to another substrate after the process. The hologram 2 of 
the present invention can be bent, rolled or folded, as 
illustrated in Figures 25A to 25C, respectively, after it 
is re-attached to another flexible substrate, including but 
not limited to, a plastic film, paper, cloth, or the like. 
This allows for compact storage. of the display apparatus 
not being used, and such a display apparatus can easily be 
carried around. 

In such a case, it is not necessary to carry around 
the light source. This is because it is very easy to find 
a place where a fluorescent lamp is used, and the recon- 
structed image can easily be obtained by simply unfolding 
the hologram in the vicinity of a fluorescent lamp which 
is used in a house, an office, a train station, a train car, 
an elevator, or the like. Thus, the hologram of the present 
invention can be effectively used as a poster, a direction 
board, a billboard, etc., as well as in various other 
applications. Moreover, regarding the installation, it can 
be adequately installed simply by attaching it to a wall 
surface by common means such as a pushpin, a tape, or the 
like. The embodiment as described above is made possible 
because according to the present invention, the recon- 
structed image of the hologram can be displayed with a 
fluorescent lamp, which is one of the most commonly- employed 
light sources . 

Moreover, the hologram can be provided in the form 
of a film or a book by superposing a plurality of holograms 
on one another. In such a case, reconstructed images can 
be viewed under a fluorescent lamp as by turning over pages 
of a book, and such a hologram can be effectively used as 
a trade catalog, a picture book, a map, etc., as well as 
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in various other applications. 

Moreover, it is possible to reconstruct a continuous 
image by recording the image on a looped flexible substrate 
5 as illustrated in Figure 25D and by moving the same by means 
of a roll. Alternatively, it can be provided in a wind- 
up form as illustrated in Figure 25E. 

The arrangement of the present embodiment where a 
10 hologram is layered on a flexible substrate as described 
above can be practiced with an optical display apparatus 
of any of the embodiments described in this specification. 

(Embodiment 7) 

15 A laser typically used as an exposure laser includes 

an argon laser or a krypton laser, each having primary 
oscillation wavelengths of 488 nm, 514.5 nm and 467.1 nm. 
Through exposure with the three wavelengths, it is possible 
to reconstruct and display colors of the wavelengths. 

20 However, the following process is generally required to 
reconstruct and display colors of wavelengths other than 
the oscillation wavelength of the laser, e.g., to display 
green at 550 nm, to which a human eye has the highest 
visibility, or to display yellow in the vicinity of 570 nm. 

25 

Where a silver salt is used as the hologram material, 
the sample is exposed with an argon laser at 514.5 nm, and 
then immersed in an appropriate solution, so as to widen 
the interval of the periodic arrangement of the hologram, 
30 thereby shifting the reconstructed wavelength to 550 nm or 
570 nm. Alternatively, where a dry film type photopolymer 
is used, the sample is similarly exposed with an argon laser 
at 514.5 nm, and then the entire surface of the sample is 
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irradiated with UV light, after which a color tuning film 
is layered on the sample, followed by a heat treatment. The 
movement of a swelling substance from the color tuning film 
to the photopolymer side widens the interval of the periodic 
arrangement, thereby shifting the reconstructed wavelength 
to 550 nm or 570 nm. In any case, such a method is not 
preferable in view of improving the production efficiency 
because it is necessary to perform an additional process 
after laser exposure. 

On the contrary, for the hologram of the optical 
display apparatus of the present invention, it is possible 
to shift the reconstructed color by setting the reference 
light and the object light so that they are incident upon 
the hologram dry plate at an appropriate angle during the 
laser exposure, without subsequently performing the 
additional process. 

Figure 26 illustrates a side view of an optical 
system for producing a hologram which is reconstructed and 
displayed with a color having a wavelength other than the 
laser oscillation wavelength. Unlike the optical system 
illustrated in Figure 15A, a hologram dry plate 50 is 
inclined by an angle 8obj with respect to the optical axis 
of the object light. A pattern mask 51, which is an object, 
is similarly inclined by the angle Bobj. The pattern 
mask 51 is produced while being further shrunk in one 
direction as compared to the above -described pattern mask 13 . 
Strictly speaking, the pattern mask 51 is not produced with 
a uniform shrinkage rate, but with a shrinkage rate which 
continuously varies for various positions of the pattern 
mask 51. On the other hand, reference light 52 is arranged 
to be incident upon the reverse side of the hologram dry 
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plate 50 at an angle 6ref . 

Where the exposure is performed with laser light at 
a wavelength X=514. 5 nm, for example, using such a producing 
5 optical system, a reconstructed image of bright green at 
a wavelength XE=550 nm can be observed over the front surface 
of the hologram dry plate during reconstruction by setting 
the object light angle 8obj and the reference light an- 
gle Bref to be -25.3° and 42*1° , respectively. Then, the 
10 incident angle of the illumination light having a wavelength 
of 550 nm is 15° . 

Where the exposure is similarly performed with laser 
light at a wavelength X,= 514.5 nm, a reconstructed image of 

15 bright yellow at a wavelength A,E=570 nm can be observed over 
the front surface of the hologram dry plate during 
reconstruction by setting the object light angle Bobj and 
the reference light angle Bref to be -33.1° and 51.2°, 
respectively. Then, the incident angle of the illumination 

20 light having a wavelength of 570 nm is also 15° . 

The above -de scribed angle can be determined from the 
following relation: 

6RE = sin _1 [n»sin{ (80+6R)/2+Jt-(|)}3 ; and 

25 60E = sin' 1 [n»sin{(80+6R)/2+(|)>] . 

Herein, 6RE and 80E are the incident angles of the 
illumination light and the reconstructed light, respec- 
tively, for the wavelength to be displayed. Jt denotes the 
ratio of the circumference of a circle to its diameter, and 

30 n denotes the average refractive index of the hologram 
material. Herein, the calculation was conducted with 
n=1.52. Moreover, BR, 60 and $ are parameters which are 
respectively expressed as follows: 
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0O - sin ^(sinOobj/n) ; 
6R - sin" 1 (sin9ref /n) -Jt; and 
4> = sin- 1 [^sin{(eo-eR)/2}/XE] . 

Thus, it is possible to display any intermediate 
color by using a hologram which has been produced so as to 
exhibit a desired reconstructed wavelength in combination 
with a light source having a continuous emission 
distribution, e.g. , a white fluorescent lamp. Moreover, it 
is possible to display a bright reconstructed image with 
a high light efficiency by combining it with a light source 
having three emission peaks, corresponding to the three 
colors of R, G and B, e.g., a three-wavelength fluorescent 
lamp. 

The arrangement of the above-described embodiment 
as described above can be practiced with an optical display 
apparatus of any of the embodiments described in this 
specification . 

(Embodiment 8) 

As described above in Embodiment 5 of the present 
invention, as the field of view of the observer is moved 
in the vertical direction, the reconstructed wavelength 
slightly changes. Assuming that the object light is 
incident upon the hologram from the front side thereof while 
producing the hologram, the degree of the change in color 
depends upon the set incident angle 0 of the reference light, 
and the change in color increases as 0 increases . For 
example, when 0 exceeds 45° , a change in the reconstructed 
wavelength of 6 nm or more occurs in the center of the 
reconstructed image within the viewing angle range of ±2° , 
which is required for a sign, whereby even a human eye 
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recognizes a slight change in color in the portion where 
the change in hue is substantial . Moreover , the color 
distribution within the image becomes more significant* 

5 While a method for producing a hologram by optimally 

selecting the parameter L/H to suppress such a change has 
already been described above in Embodiment 5 # there exists 
a hologram setting angle, for the hologram of the optical 
display apparatus of the present invention, with which it 

10 is possible to minimize the change in color after production . 
The setting angle is an angle which is substantially 1/2 
of the angle between the illumination light and the object 
light; and more exactly an angle which satisfies the 
following relation: 

15 6ac = sin" i [n«sin{ (6O+0R+jt)/2}] . 

For example, when the exposure wavelength is 
514.5 nm, with the incident angle of the reference light 
being 0ref=45° and the incident angle of the object light 

20 being 0° , 0ac=21.4° is obtained from the above expression. 
Then, the change in the reconstructed wavelength is only 
about 0.2 nm within the viewing angle range of ±2° , which 
is required for a sign, whereby the change in color will 
not be recognized. Moreover, the color distribution within 

25 the reconstructed image can be suppressed to be extremely 
small. Since the reconstructed wavelength slightly shifts 
toward the long wavelength side, the producing optical 
system should preferably be set in view of such a shift. 

30 Figure 27A illustrates an installation of the 

hologram when the installation angle is set to be close to 
0ac, and Figure 27B illustrates a normal installation of the 
hologram for comparison. 
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When the installation angle of a hologram 53 is set 
to be as close to 8ac as possible, the optical path of 
illumination light 54 and that of reconstructed light 55 
come closer to each other. Thus, in practice, it is 
preferable to install the hologram while setting the 
installation angle to be as close to 8ac as possible and such 
that an observer 56 attempting to view the reconstructed 
image does not block the illumination light 54. It is more 
preferable to slightly move a linear light source for 
illumination, which is not shown, in the horizontal 
direction so that the illumination light 54 and the ob- 
server 56 do not overlap each other, as described in 
Embodiment 4. 

The arrangement of the above-described embodiment 
as described above can be practiced with an optical display 
apparatus of any of the embodiments described in this 
specification. 

(Embodiment 9) 

It is possible to increase the size of the virtual 
display plane and that of the reconstructed image by 
increasing the size of the hologram. However, the exposure 
area which is normally realized by a hologram producing 
optical system is about §300 mm to about <|>400 mm, which 
presents the limit for the size of the reconstructed image. 
Although it is not impossible to realize an exposure area 
larger than this, there will then be problems as follows: 

(1) The production of optical components such as a 
lens, a mirror, or the like, is difficult and costly; 

(2) The light intensity decreases as the laser beam 
is extremely widened; 

(3) The exposure time increases because of (2) 
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above ; and 

(4) The exposure condition becomes unstable 
(increased probabilities for adverse effects such as air 
fluctuation, vibration, and laser stability) because of (3) 
above . 

In order to avoid these difficult problems, with the optical 
display apparatus of the present invention, a large- size 
hologram is provided by providing small elementary holograms 
which can be produced under a more stable condition, and 
combining these elementary holograms together just like 
tiling. 

Figure 28 illustrates an exemplary lmxlm hologram. 
Herein, sixteen 25cmx25cm elementary holograms are arranged 
in a 4x4 matrix, thereby realizing the size of lmxlm. Each 
elementary hologram is produced by using one of elementary 
masks which are obtained by dividing a pattern mask having 
a size of about lmxlm, which is the object, into 4 equal 
parts. The problems as those described above do not occur 
in exposure for the size of 25 cm. 

The arrangement of the above- described embodiment 
as described above can be practiced with an optical display 
apparatus of any of the embodiments described in this 
specification . 

(Embodiment 10) 

One feature of the optical display apparatus of the 
present invention that is not seen in conventional 
apparatuses is that the optical display apparatus whose 
basic arrangement has been shown in each embodiment may be 
used as one display unit, while a plurality of such units 
can be arranged on an arrangement plane so as to synthesize 
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and display reconstructed images from the respective units 
on the virtual display plane . For example , where the display 
units are arranged side by side as viewed from the observer, 
the display width can be widened in the horizontal direction 
by synthesizing the respective reconstructed images on the 
virtual display plane* 

Figures 29A and 29B are a front view and a side view, 
respectively, of an exemplary optical display apparatus in 
which three display units 57 are arranged side by side. 

A hologram reconstructed image 59 reconstructed by 
a fluorescent lamp 58 differs for the respective display 
units, and each display unit reconstructs and displays one 
of the characters "A", "B" and "C". When the respective 
display units are closely arranged together side by side, 
as illustrated in the figure, the characters are aligned 
together so that they can be recognized as one word. 

It is preferable to arrange a shield plate 60 between 
the units so that the fluorescent lamp for one unit does 
not reconstruct the fluorescent lamp for another unit. 

(Embodiment 11) 

Where the information to be displayed is a string 
of characters as in Figure 29A, even if there is a slight 
gap between the characters, the information is conveyed to 
the observer with no problem. However, where the 
information to be displayed is a pattern, any gap therein 
is undesirable, and in some cases the gap itself may be 
recognized as a piece of information, whereby the observer 
recognizes information which is different from the original 
information intended to be conveyed. In the case of the 
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arrangement of Embodiment 10, even when the holograms for 
the respective units are arranged together in a completely 
continuous manner, if the fluorescent lamps are arranged 
at the basic positions, the reconstructed images from the 
5 respective holograms are reconstructed at separated 
positions on the virtual display plane, thereby causing the 
above -de scribed problem. 

In order to solve such a problem, the present 
10 embodiment employs the method described in Embodiment 4 of 
the present invention. That is, the shift in the position 
where the reconstructed image is formed due to the offset 
Q arrangement of the fluorescent lamps is positively utilized 

03 to provide a large synthesized reconstructed image which 

Ifi 15 is seamless between the respective images. 

™ Figures 30A and 30B are diagrams illustrating an 

S exemplary optical display apparatus in which three display 

Jl[ units are arranged side by side for displaying a single large 

20 pattern, respectively showing separated reconstructed 

y images and reconstructed images which are seamlessly 

*** synthesized together. 

Each display unit is arranged to display an 
25 individual reconstructed image as illustrated in Figure 30A. 
When the units are arranged side by side, and a fluorescent 
lamp 62 of a left display unit 61 indicated by a broken line 
is moved to the left, a reconstructed image 63 is moved to 
the right so that it is displayed adjacent to a reconstructed 
30 image 65 of a center display unit 64 with no gap therebetween . 
Similarly, when a fluorescent lamp 67 of a right display 
unit 66 is moved to the right , a reconstructed image 68 moves 
to the left so that it is displayed adjacent to the 
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reconstructed image 65 of the center display unit 64 with 
no gap therebetween. 

As described above, according to the present 
invention, it is possible to combine reconstructed images 
together with no gap, thereby allowing large patterns to 
be displayed. 

(Embodiment 12) 

An arrangement which sufficiently exhibits the 
feature of the optical display apparatus of the present 
invention is one in which a plurality of display units are 
arranged along a depth direction of the reconstructed image 
as viewed from the observer, so that the reconstructed images 
from the respective holograms are synthesized on the virtual 
display plane. 

Figure 31A is a side view illustrating a structure 
of an optical display apparatus according to Embodiment 12 
of the present invention. In this embodiment, the optical 
display apparatus of the present invention is used as a 
traffic sign in a tunnel. Specifically, reference nu- 
meral 69 denotes an optical display apparatus of the present 
embodiment; 70 to 72 display units; 73 to 75 holograms; and 
76 to 78 fluorescent lamps as linear light sources. The 
display units 70 to 72 are arranged side by side on a ceiling 
plane 80 of a tunnel 79. 

An operation of the optical display apparatus 69 
having such a structure will be described below. 

First, an original picture pattern 81 of a traffic 
sign indicating a speed limit, as illustrated in Figure 31B, 
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is divided into parts and recorded on the holograms 73, 74 
and 75 , respectively, by a method as that described in 
Embodiment 1 of the present invention. In particular, as 
illustrated in Figure 31C, an elementary pattern 82 for the 
lower approximately 1/3 portion obtained by dividing the 
original picture pattern 81, is recorded on the hologram 73, 
an elementary pattern 83 for the middle approximately 1/3 
portion is recorded on the hologram 74, and an elementary 
pattern 84 for the upper approximately 1/3 portion is 
recorded on the hologram 75. Each hologram is produced by 
arranging a pattern mask for the elementary pattern and a 
hologram dry plate at a respectively different distance in 
an optical system for producing each hologram. 

As illustrated in Figure 31A, a reconstructed 
image 85 of the hologram 73 formed by the fluorescent lamp 76 
is arranged to be formed in the vicinity of a virtual display 
plane 86. Similarly, a reconstructed image 87 of the 
hologram 74 formed by the fluorescent lamp 77 and a 
reconstructed image 89 of the hologram 75 formed by the 
fluorescent lamp 78 are arranged to be formed in the vicinity 
of a virtual display plane 88 and a virtual display plane 90 , 
respectively. Then, the reconstructed images 85, 87 and 89 
as viewed from the front side thereof are synthesized into 
a single image, as illustrated in Figure 31D. Thus, the 
reconstructed image is viewed from a car running through 
a tunnel 79 as if it were a traffic sign indicating a speed 
limit hung from a ceiling plane 80 of the tunnel 79 . However, 
this is only a display on the virtual display plane, and 
there is no object actually existing on the display plane. 
Therefore, there is no chance for a car collision. 
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An advantage of this structure is that it is possible 
to reduce the height of the display unit by a rate of 
approximately 1/N # where N denotes the number of display 
units provided. Thus, the cross section for which a tunnel 
is to be dug through can be reduced by employing an optical 
display apparatus having such an extremely flat structure. 
This provides a substantial reduction in the construction 
cost* 

(Embodiment 13) 

Figure 32 is a perspective view of an optical display 
apparatus according to the present embodiment. This is an 
example for displaying the position of an emergency phone 
in a tunnel. Reference numeral 91 denotes a fluorescent 
lamp, 92 a hologram unit, and 93 an emergency phone. 

The hologram unit 92 has a structure as illustrated 
in Figure 33. Specifically, reference numeral 94 denotes 
a first hologram, 95 a second hologram, and 96 a display 
board. The first hologram 94 and the second hologram 95 are 
arranged to form a reconstructed image on the side of a first 
plane 97 of the hologram unit 92 and on the side of a second 
plane 98 of the hologram unit 92, respectively. Informa- 
tion identical to display information to be reconstructed 
by the first hologram 94 is written on a first plane 99 of 
the display board 96 to which the first hologram 94 is 
attached. Similarly, information identical to display 
information to be reconstructed by the second hologram 95 
is written on a second plane 100 of the display board 96 to 
which the second hologram 95 is attached. 

The hologram unit 92 having such a structure is 
arranged under the fluorescent lamp 91 as a linear light 
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source, as illustrated in Figure 32. Referring to the side 
view of Figure 34 in order to describe an operation of the 
hologram unit 92, a reconstructed image 103 of the first 
hologram 94 is formed by illumination light 102 emitted from 
a region 101 of the fluorescent lamp 91. In this example, 
the characters "Emergency Phone" are displayed. On the 
other hand, a reconstructed image 106 of the second holo- 
gram 95 is formed by illumination light 105 emitted from a 
region 104 of the fluorescent lamp 91, thereby similarly 
displaying the characters " Emergency Phone " . Therefore, it 
is possible to clearly indicate the position of the emergency 
phone 93 to people on both sides of the optical display 
apparatus. In this example, the character information 
"Emergency Phone" is written on both sides of the display 
board 96, whereby a display on the opposite side can be 
recognized through a transparent hologram plane . Therefore , 
even in an emergency where the fluorescent lamp 91 does not 
light up, for example, the position of the emergency phone 93 
can be recognized by using a flash light. 

While a case where identical information is dis- 
played has been described above, it is understood that it 
is possible to display different information on the opposite 
sides by recording different information on the respective 
holograms . 

( Embodiment 1 4 ) 

Figure 35 is a perspective view of an optical display 
apparatus according to the present embodiment. Reference 
numeral 107 denotes a fluorescent lamp, 108 a first hologram 
unit, and 109 a second hologram unit. 
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Each of the hologram units 108 and 109 has a 
structure as illustrated in Figure 36. In particular, 
reference numeral 110 denotes a first hologram. 111 a first 
display board, 112 a second hologram, and 113 a second 
display board. The first and second hologram units 108 and 
109 are arranged near the respective ends of the fluorescent 
lamp 107 as a linear light source, as illustrated in Fig- 
ure 35. 

An operation of the optical display apparatus 
according to the present embodiment will be described with 
reference to Figure 37. 

A reconstructed image 115 of the first hologram 110 
is formed by illumination light 114 emitted from the 
fluorescent lamp 107. On the other hand, a reconstructed 
image 117 of the second hologram 112 is formed by 
illumination light 116 emitted from the fluorescent 
lamp 107. Therefore, it is possible to display identical 
or different information to people on both sides of the 
optical display apparatus. 

Information identical to the reconstructed im- 
age 115 of the first hologram 110 and information identical 
to reconstructed image 117 of the second hologram 112 are 
recorded on the first display board 111 and on the second 
display board 113, respectively, and can be recognized from 
the opposite side through transparent hologram plane. 
Therefore, even in an emergency where the fluorescent 
lamp 107 does not light up, for example, the information can 
be recognized by using a flash light. 
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In the structure described above, a display board 
is provided for an emergency display with one hologram being 
provided on each side of the display board. In other 
applications, if a display board having such a function is 
5 not necessary, the hologram unit may be replaced with a 
single hologram. The hologram is a reflection- type holo- 
gram which is recorded through double exposure from the front 
side and the reverse side thereof. Identical or different 
reconstructed images can be observed from the respective 
10 sides of the hologram. 

y (Embodiment 15) 

W An example of an optical display apparatus where a 

fj plurality of holograms are reconstructed from a single 

15 linear light source has been described in Embodiments 13 and 
14 above. The plurality of holograms to be reconstructed 
do not have to be placed on the same installation plane as 
in the example described above. 

20 Figure 38 is a plan view of an optical display 

apparatus according to the present embodiment, where one 
hologram is arranged on a side wall and another hologram 
is arranged on the ceiling. 

25 Reference numeral 118 denotes a fluorescent lamp, 

119 a first hologram, and 120 a second hologram. 
Illumination light 121 emitted from the fluorescent 
lamp 118 forms a reconstructed image 122 of the first 
hologram 119, and illumination light 123 forms a recon- 
30 structed image 124 of the second hologram 120. Such a 
reconstruction operation can be realized because the 
hologram of the present invention can be reconstructed by 
a fluorescent lamp. 
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The structure of an optical display apparatus for 
simultaneously reconstructing such a plurality of holograms 
is not limited to this embodiment, but various other 
structures are possible by effectively utilizing light which 
5 is omnidirectionally emitted from the linear light source 
as illumination light. 

While the reference light 16 is directed to be 
incident upon the incident plane 15 in a hologram producing 

10 process in Embodiment 1, the present invention is not 
limited to this. It may also be effective to intentionally 
not employ the arrangement. For example, when a hologram 
is formed by directing the object light to be incident upon 
the incident plane while directing the reference light to 

15 be incident upon a plane different from the incident plane, 
the reconstructed image can be viewed from the front side 
of the hologram for illumination light coming from the 
left-hand side in the arrangement of the fluorescent lamp 
and the hologram illustrated in Figure 38. Moreover, since 

20 the direction of the reflected light of the illumination 
light is different from the direction in which the 
reconstructed image is obtained, an easy-to-view display 
is realized. 



25 (Embodiment 16) 

The method for producing a hologram of the present 
invention is not limited to that described in Embodiment 1. 
For example, it is possible to first reconstruct an image 
which has been recorded as a transmission- type hologram, 

30 and then to record it as a reflection- type hologram. 

Figures 39A and 39B are a side view and a plan view, 
respectively, of an optical system for producing a 
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transmission-type hologram according to the present 
embodiment . 

As illustrated in Figure 39A, laser light 126 
5 incident upon a ground glass 125 so as to be diffused 
light 127 and then incident upon a slit 128. The slit 128 
has a narrow width as viewed from a side thereof, and 
transmits only a portion of the diffused light 127. 
Therefore, light having passed through the slit 128 appears 

10 as spread light coming from a single point as viewed form 
the side. This light reads the information of a pattern 
mask 129, and irradiates a hologram dry plate 130 as object 
light 131, This can be considered as projection of the 
pattern mask 129 onto the hologram dry plate 130. The 

15 object light 131 including the information of the object 
forms interference fringes with reference light 132 inci- 
dent upon the same side of the hologram dry plate 130, and 
the interference fringes are recorded on the hologram dry 
plate 130. 

20 

At this time, the "shadow" of the pattern mask 129 
projected onto the hologram dry plate 130 has been enlarged. 
In view of the rate of projection magnification, the pattern 
mask 129 is produced while being shrunk in one direction. 
25 Although the rate of magnification varies depending upon 
the setting of the optical system, it normally is about 1.2 
to about 2. 

As illustrated in the plan view of Figure 39B, the 
30 slit 128 has a large width as viewed from the above, and 
transmits diffused light 127 coming from the ground 
glass 125 over a wide range. In Figure 39B, diffused light 
having passed through the central portion of the slit 128 
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is indicated by a solid line, while diffused light having 
passed through an end portion of the slit 128 is indicated 
by a broken line. Information of the pattern mask 129 
obtained when viewed from the front side thereof is projected 
onto the hologram dry plate 130 by the diffused light 
indicated by the solid line, whereas information of the 
pattern mask 129 obtained when viewed from a slightly 
inclined direction through the end portion of the slit 128 
is projected onto the hologram dry plate 130 by the diffused 
light indicated by the broken line. The object light 131 
including such information forms interference fringes with 
the reference light 132 incident upon the same side of the 
hologram dry plate 130, and the interference fringes are 
recorded on the hologram dry plate 130. This is the 
principle of how reconstructed images of the pattern 
mask 129 as viewed from different angles are formed on the 
respective eyes of the observer when the hologram is 
reconstructed . 

Although side views and plan views have been 
separately described above for simplicity, it is understood 
that the interference fringes are simultaneously recorded 
in an actual hologram producing process. 

Figure 40 illustrates an optical system for 
obtaining a reflection-type hologram from a master hologram, 
while using the hologram produced by the above -described 
process as the master hologram. Illumination light 134 
which is directed to be incident upon a master hologram 133 
is equal to the reference light 132 used when producing the 
master hologram. The illumination light 134 forms recon- 
structed light 135 from the master hologram 133. The 
reconstructed light 135 is incident upon a hologram dry 
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plate 136 as object light and forms interference fringes 
with reference light 137 which is incident upon the reverse 
side thereof, thereby forming a reflection- type hologram. 

5 As described above, in the present embodiment, a 

transmission-type hologram is once produced so as to produce 
a reflection- type hologram using it as a master hologram. 
The method has an advantage that the optical system for 
producing a reflect ion- type hologram can be arranged easily, 

10 and that the distance between the reconstruction display 
plane and the hologram can be re-adjusted. In particular, 
while a reconstructed image 138 is formed at a position where 
the pattern mask 129 was placed when producing the master 
hologram, the distance between the master hologram 133 and 

15 the reconstructed image 138 is dl, whereas the distance 
between the reflect ion -type hologram 136 and the recon- 
structed image 138 is d2. Thus, the amount by which the 
reconstructed image floats above the hologram plane can be 
increased or decreased. 

20 

(Embodiment 17) 

Figure 41 illustrates an optical system for 
producing a hologram according to Embodiment 17. This is 
also a process of producing a transmission- type hologram 
25 once and then forming a reflection-type hologram while using 
it as a master hologram. 

In Figure 41, object light 141 obtained by 
irradiating an object 139, which is a three-dimensional 
30 object, with illumination light 140 forms interference 
fringes with reference light 143 incident upon the same side 
of a hologram dry plate 142. They are recorded on the 
hologram dry plate 142 as a transmission- type hologram. 
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thereby providing a master hologram 144. 

In Figure 42, a reconstructed image of the ob- 
ject 139 is obtained by directing illumination light 145 , 
which is conjugate light of the reference light 143, to be 
incident upon the master hologram 144. Herein, a slit 146 
is arranged in the vicinity of the master hologram 144 so 
as to use light coming through the slit 146 as object 
light 147, so that interference fringes are formed between 
the object light 147 and reference light 149 incident upon 
the reverse side of a hologram dry plate 148. The 
interference fringes are recorded on the hologram dry 
plate 148 as a reflection- type hologram. Reference nu- 
meral 150 denotes a reconstructed image of the object 139. 

By employing such a method, it is possible to obtain 
an unblurred reconstructed image for a three-dimensional 
object or an object spaced apart from the hologram plane. 

(Embodiment 18) 

Figure 43 illustrates an optical system for 
producing a hologram according to Embodiment 18. This is 
also a process of producing a transmission-type hologram 
once and then forming a reflection-type hologram while using 
it as a master hologram. 

The optical system of Figure 43 differs from that 
of Figure 42 in that a negative cylindrical lens 151 and an 
opening 152 are provided in place of the slit 146. By the 
action of the cylindrical lens 151, it is possible to match 
the position in the vertical direction in the figure where 
reconstructed light 153 forms an image with a hologram dry 
plate 154, whereby it is possible to obtain a sharp 
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reconstructed image for a three-dimensional object or an 
object spaced apart from the hologram plane. Reference 
numeral 155 is a reconstructed image of object 139. 

5 In Figure 43, the cylindrical lens 151 having a 

negative power is used, assuming a case where the recon- 
structed image 155 is formed between the master hologram and 
the hologram dry plate. However, when the reconstructed 
image 155 is formed on the left side of the hologram dry 
10 plate 154 in Figure 43, a cylindrical lens having a positive 
power is used. 

yj (Embodiment 19) 

® Figure 44 is a side view illustrating a structure 
pi- 
rn 15 of an optical display apparatus according to Embodiment 19 

[W of the present invention. In this embodiment, the optical 

display apparatus of the present invention is used as a 

0 traffic sign in a tunnel. 

jp 20 In Figure 44, reference numeral 201 denotes an 

y optical display apparatus of the present embodiment, 202 

a hologram screen, 203 a cylindrical lens, and 204 an LED 
display apparatus. The optical display apparatus 201 is 
arranged on a ceiling plane 206 of a tunnel 205. As shown 
25 in the figure, the width direction (perpendicular to the 
figure), the longitudinal direction and the vertical 
direction of the tunnel 205 are denoted as the x, y and z 
directions , respectively . 

30 An image displayed on the LED display apparatus 204 

is projected by the cylindrical lens 203 onto the hologram 
screen 202. The image diffracted and reflected by the 
hologram screen 202 is reconstructed and imaged on a virtual 
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display plane 208. When an image 209 is viewed from a car 
in the tunnel 205 , it is seen as if a sign is hung at a position 
downwardly spaced apart from a ceiling plane 206 of the 
tunnel 205. However, this is only a display on the virtual 
display plane 208, and there is no object actually existing 
on the display plane 208. Therefore, there is no chance for 
a car collision. 

The virtual display plane 208 is a plane or a curved 
surface which is virtually provided in a space. The light 
from reflected by the surface of the hologram screen 202 can 
be deflected in a direction toward the road surface or in 
a direction toward the ceiling plane 206, whereby the 
reflected light will not be directly incident upon the 
driver 1 s eye . The reflected light is useful as illumination 
light for illuminating the road surface or the ceiling plane. 

A reason why the optical display apparatus of the 
present embodiment has such a function will be described 
below . 

In Figure 44, an image displayed on the LED display 
apparatus 204 is formed on the hologram screen 202 by the 
cylindrical lens 203. The image displayed on the LED 
display apparatus 204 is inverted in the vertical direction 
and in the horizontal direction, and the generatrix of the 
cylindrical lens 203 is placed parallel to the x direction. 
Herein, the respective components are arranged so that only 
the z component of the image is focused on the hologram 
screen 202. In other words, the respective components are 
arranged by the function of the cylindrical lens 203 so that 
a line or outline contained in the image which extends along 
the x direction, for example, appears to be most clear on 
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the hologram screen 202. As a result, when a normal 
projection screen Is placed at the position of the hologram 
screen 202, an image will be viewed where only the line or 
outline extending along the x direction is clear while the 
5 line or outline extending along the z direction is blurred, 
as illustrated in Figure 45. Figure 45 is a schematic 
illustration showing how a circular image and a square image 
imaged by the cylindrical lens 203 will appear on a normal 
projection screen being placed at the position of the 
10 hologram screen 202. 

Next, a function of the hologram screen 202 will be 
described. 

15 Figures 46A and 46B are a plan view and a side view, 

respectively, illustrating a structure with only the 
hologram screen 202 and the LED display apparatus 204 of the 
optical display apparatus 201. In the absence of the 
cylindrical lens 203, the hologram screen 202 has a function 
of imaging the light from point A on the LED display 
apparatus 204 to point B on the virtual display plane 208. 



20 



The hologram screen 202 having such a function can 
be produced by, for example, an exposure optical system 
25 illustrated in Figure 47. In particular, a laser beam 211 
focused by a lens 210 becomes diffused light after passing 
through a pin hole 212 placed at the position of point A, 
and is incident upon a hologram dry plate 213, which will 
later be the hologram screen 202, from the right side of the 
figure. On the other hand, a laser beam 214 converging to 
point B is incident upon the hologram dry plate 213 from the 
left side of the figure, i.e., from the opposite side to 
the laser beam 211. The hologram screen 202 having such a 
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function is provided by recording an interference pattern 
of the two laser beams on the hologram dry plate 213 . 

When the cylindrical lens 203 is arranged within the 
optical path, and an image is projected as illustrated in 
Figure 45 in which only the z component (i.e., the line or 
outline extending along the x direction) of the image is 
clear and the x component (i.e., the line or outline 
extending along the z direction) is blurred, the hologram 
screen 202 exhibits the following function. 

Figures 48A and 48B are a plan view and a side view, 
respectively, illustrating how a light beam travels though 
the respective components of the optical display appara- 
tus 201. 

First, for the x component of the image, since it 
is not effected by the cylindrical lens 203, as illustrated 
in Figure 48A, the image at point A displayed on the LED 
display apparatus 204 can be considered as being projected 
onto the hologram screen 202 as it is. Therefore, only the 
x component (i.e., the line or outline extending along the 
z direction) is sharply imaged on the virtual display 
plane 208 by the function of the hologram screen 202 as the 
light coming from point A being imaged at point B in Fig- 
ure 45. 

The z component of the image, on the other hand, 
appears to be most clear on the hologram screen 202 by the 
function of the cylindrical lens 203 as described above. 
This is illustrated in Figure 48B, where the image at point A 
displayed on the LED display apparatus 204 is formed at 
point C on the hologram screen 202. Light output from 
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point A once spreads out in the z direction and passes through 
the cylindrical lens 203 so that only the z component thereof 
converges to point C with a certain convergence angle. 
Therefore, after being diffracted and reflected by the 
5 hologram screen 202, the light is projected onto the virtual 
display plane 208 as divergent light having a small 
divergence angle along the z direction. 

Strictly speaking, the respective light beams 
10 contained in the divergent light have slightly different 
wavelength components. That is, the emission distribution 
of the display apparatus has a width of several ten nm, and 
W the light is split by the hologram screen 202 while being 

ff diffracted and reflected at different angles for the 

Ul 15 respective wavelengths. 

s It has been described above how the image displayed 

p on the ^ED display apparatus 204 travels to be projected and 

q imaged on the virtual display plane 208 separately for the 

Jp 20 x component and the z component. Next, how the image is 

S consequently viewed by the eyes of an observer 215 will be 

described. 

Figures 49A and 49B are a plan view and a side view, 
25 respectively, illustrating only part of the light beams 
illustrated in Figures 48A and 48B after the hologram 
screen 202, and illustrating the path of the light beams to 
the pupils of the observer 215 who is viewing the image at 
a position spaced apart from the virtual display plane 208. 
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As illustrated in Figure 49A, similar light beams 
as those obtained when light comes from the single point B 
on the virtual display plane 208 are incident upon the left 
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and right eyes of the observer 215. This indicates that the 
x component of the image appears to be a sharp line or outline 
on the virtual display plane 208 . The above-described image 
is viewed by the observer 215 within the range indicated by 
two broken lines. 

As illustrated in Figure 49B, similar light beams 
as those obtained when light comes from the single point C 
on the hologram screen 202 are incident upon the respective 
eyes of the observer 215. This indicates that the z 
component of the image appears to be a sharp line or outline 
on the hologram screen 202. The above -described image is 
viewed by the observer 215 within the range indicated by two 
broken lines . 

It would appear that it would be difficult for human 
eyes to recognize the x and z components as one image when 
they appear differently as described above. However, in 
fact, it is not difficult. 

A three-dimensional feeling or a depth feeling is 
perceived because human eyes generally have a binocular 
parallax in the horizontal direction. Herein, a binocular 
parallax refers to a phenomenon that the image of a single 
object being viewed is projected onto different positions 
in the respective fields of view of the right eye and the 
left eye, or to the positional difference. For example, 
assuming, for simplicity, a case where a vertically 
extending long straight line is viewed by both eyes, both 
the right eye and the left eye can recognize it as a vertically 
extending long straight line. At the same time, because the 
image is projected onto different positions in the eyes for 
the respective eyes due to the binocular parallax, it is 
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empirically possible to determine approximately how far the 
long straight line is located in the horizontal direction. 

For the vertical direction, on the other hand, such 
a binocular parallax does not occur because the human eyes 
are located at the same height . As a result , it is relatively 
difficult to perceive the three-dimensional feeling or the 
depth feeling. For example, assuming, for simplicity, a 
case where a laterally extending long straight line is viewed 
by both eyes , both the right eye and the left eye can recognize 
it as a laterally extending long straight line. However, 
no parallax occurs because the image is projected onto the 
same position for both eyes. Therefore, it is not possible 
to definitely determine how far the long straight line is 
located in the vertical direction. For example, this 
corresponds to a case where a person attempting to jump up 
to a high horizontal bar might hesitate to jump for a moment 
because they cannot grasp the distance to the horizontal 
bar which appears to extend in the horizontal direction in 
the background sky. 

Importantly, the binocular parallax in the 
horizontal direction is the most dominating factor for the 
three-dimensional feeling or the depth feeling. Based on 
this, how the x and z components of the above -de scribed 
optical display apparatus of the present invention appear 
will be discussed. 

What is shown in Figure 49A is the fact that the sharp 
line or outline of the x component of the image is viewed 
by each of the left and right eyes of the observer 215 on 
the virtual display plane 208. Using the above figure of 
speech, this corresponds to how the vertically extending 
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long straight line appears. Since the binocular parallax 
occurs for the respective left and right eyes of the ob- 
server 215 , it is recognized that the image is located just 
on the virtual display plane 208. 

On the other hand, what is shown in Figure 49B is 
the fact that the sharp line or outline of the z component 
of the image is viewed by each of the left and right eyes 
of the observer 215 on the hologram screen 202. Using the 
above figure of speech, this corresponds to how the laterally 
extending long straight line appears. Since no binocular 
parallax occurs for the respective left and right eyes of 
the observer 215, the position of the image cannot clearly 
be determined. 

Therefore, the sharp line or outline of the x 
component is the primary factor for the binocular parallax, 
and is the dominating factor for the recognition of a 
position. As a result, the image appears to the observer's 
eyes as if it were floating at the position of the virtual 
display plane 208. 

Although it has been omitted in the above 
description, the relative installation angle among the 
hologram screen 202, the cylindrical lens 203 and the LED 
display apparatus 204 is intentionally inclined. This is 
done so that a matrix array of pixels, which are normally 
formed on the LED display apparatus 204 equidistantly in the 
vertical direction and in the lateral direction, are clearly 
imaged on the hologram screen 202 without being distorted. 
This is a technique called "front rising" which is employed 
when photographing architecture. In particular, when 
architecture such as a tall building is photographed by an 



- 83 - 



P16267 



ordinary camera while looking up, it is photographed while 
the shape of the building, which is originally rectangular, 
becomes a trapezoid as illustrated in Figure 50 . The front 
rising method is used for correcting such a distortion in 
the shape and taking a photograph with the entire object 
being focused. 

A procedure of the front rising method is illus- 
trated in Figures 51Ato51D. Herein, reference numeral 216 
denotes a film surface, and 217 a shooting lens. 

In particular, the camera is first directed from the 
normal position (Figure 51A) toward the object (Figure 51B), 
and then only the film surface 216 is inclined in the 
direction parallel to the object (Figure 51C) . Then, the 
above -described distortion of the object is corrected. 
Next, the shooting lens 217 is inclined toward the direction 
parallel to the object (Figure 51D). Then, the entire 
object becomes focused. Incidentally, the nomenclature 
"front rising" comes from the fact that the shooting lens 217 
is raised with respect to the film surface 216 as a result 
of the above-described procedure. 

Figure 52 is a diagram illustrating only the 
hologram screen 202, the cylindrical lens 203 and the LED 
display apparatus 204 of the optical display apparatus 201 
of the present embodiment, with the elements being rotated 
counterclockwise. It can be seen that, considering the LED 
display apparatus 204 as an object, the cylindrical lens 203 
as a shooting lens, and the hologram screen 202 as a film 
surface, the optical display apparatus 201 of the present 
embodiment has the same structure as that of the above- 
described front rising technique. 
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What is described above is an arrangement of the 
optical display apparatus 201 which is employed assuming 
that the LED display apparatus 204 has a matrix arrangement 
of pixels which are provided equidistantly in the vertical 
direction and in the lateral direction. However, the 
arrangement may vary in the case where it is possible to 
use a display apparatus having a pixel arrangement for 
correcting a trapezoidal distortion as illustrated in 
Figure 50. 

Figure 53 is an arrangement employed when using a 
display apparatus 218 which originally has a pixel 
arrangement of a vertically inverted trapezoid for 
correcting the trapezoidal distortion. 

The respective planes (indicated as straight lines 
in the figure) on which the hologram screen 202, the 
cylindrical lens 203 and the display apparatus 218 are 
respectively arranged so that the extension lines thereof 
meet together at a single point. This is called a 
Scheimpflug condition and is well known in the art of 
photography. When this condition is satisfied, the entire 
image displayed on the display apparatus 218 is clearly 
projected onto the hologram screen 202. 

According to the present invention, the color 
slightly varies among the light beams in the z direction, 
but the change in color among those received by a pupil is 
small, and thus they appear to have a single color. In the 
above description of the method for producing the hologram 
screen 202, only a method using a single color laser is 
described. However, it is possible to display a color image 
by performing multiple exposure with red, blue and green 
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lasers using a similar method. 

Moreover, while the cylindrical lens 203 is used in 
the present embodiment, the present invention is not limited 
thereto. Any other structure may alternatively be used as 
long as it clearly projects and images the z component of 
an image on the hologram screen 202 as described above. For 
example, an anamorphic optical system having different focal 
distances for the vertical and lateral directions or a 
combination of a normal projection lens and a cylindrical 
lens may be used. Particularly, when using a lens or a mirror 
in which the focal distance in the x direction can be varied, 
it is possible to easily change the position along the depth 
direction where the image is viewed. For example, when a 
varifocal lens 301 having a power only in the x direction 
is arranged as illustrated in Figures 54A and 54B, the 
position of the virtual display plane 208 where the image 
is formed is moved back and forth without changing the 
position of the LED display apparatus 204. It is also 
possible to employ an arrangement where the optical path 
is folded by using a varifocal mirror in place of the 
varifocal lens 301. 

While an LED display apparatus is used as an image 
display apparatus in the present embodiment, the present 
invention is not limited thereto but may employ any image 
display apparatus capable of displaying a bright image . For 
example, it is possible to use an image display apparatus 
comprising: a display device selected from an LED, a CRT, 
a polymer dispersed type liquid crystal panel and an organic 
EL panel; and a polarization switching device. As the 
polarization switching device, an arrangement including a 
ferroelectric liquid crystal panel may be used. 
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As described above, with the optical display 
apparatus of the present invention, an image displayed on 
the LED display apparatus 204 is reconstructed and imaged 
on the virtual display plane 208. However, this is only a 
display on the virtual display plane 208, and there is no 
object actually existing on the virtual display plane 208. 
Therefore, there is no chance for a car collision. Moreover, 
since the height of the overall apparatus can be set to be 
low, it is possible to provide a display apparatus with which 
a small space can be efficiently utilized. 

Moreover, while the optical display apparatus of the 
present invention has been primarily described with respect 
to an application for a traffic sign in a tunnel, the present 
invention is not limited thereto. Another optical display 
apparatus in a form similar to that described above in the 
present embodiment can easily be used as a projection type 
display. Utilizing the characteristic that an image ap- 
pears as if it were floating apart from the screen surface 
toward the viewer, various applications may be possible in 
the field of games, amusement, etc. 

In Figure 47, the laser beam 214 converging to 
point B is directed to be incident upon the hologram dry 
plate 213 from the left side of the figure when producing 
the hologram screen 202. However, it may be replaced with 
a laser beam 219 which is divergent light coming from point E 
which is located on the left side of the hologram dry 
plate 213, as illustrated in Figure 55. A hologram 
screen 220 produced in this manner is arranged as illus- 
trated in Figure 56. Since the elements except for the 
hologram screen 220 are not changed at all, the elements are 
arranged as described above so that an image displayed on 
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the LED display apparatus 204 is projected and imaged by the 
cylindrical lens 203, whereby the line or outline contained 
in the image which extends along the x direction, for example, 
is most clear on the hologram screen 220, 

On the other hand, the x component of the image is 
not effected by the cylindrical lens 203. Therefore, it may 
be considered that the image displayed on the LED display 
apparatus 204 is projected onto the hologram screen 220 as 
it is . Therefore , by the function of the hologram screen 220 , 
only the x component (i.e., the line or outline extending 
along the z direction) is sharply imaged on a virtual display 
plane 221 , which is newly formed at the position where a point 
image E as a false image on the left side of the hologram 
screen 220 was located. Since a clear image of the x 
component is viewed by the observer on the virtual display 
plane 221 beyond the hologram screen 220, an image is 
recognized as if it were floating at this position as in 
the above description. 

While such an optical display apparatus can be used 
as a traffic sign as in the above description, a more suitable 
field of application is a head-up display. In the most 
commonly known application, it is arranged on the dashboard 
of a car so as to display traffic information, speed 
information, navigation information, etc., which are re- 
quired for driving the car, beyond the windshield and above 
the bonnet. An exemplary arrangement for use in such an 
application is illustrated in Figure 57. In this case, 
other than an LED display apparatus, a CRT, a liquid crystal 
display apparatus, a fluorescent display tube, an organic 
EL, and the like, may be used as the display apparatus 204. 
Moreover, the hologram screen 220 is produced through an 
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interference of divergent light as in the case of producing 
the hologram screen 220 described above. The hologram 
screen 220 may be provided on the windshield. Moreover, the 
projection optical system may be a cylindrical lens, an 
anamorphic optical system, or a combination of a normal 
projection lens and a cylindrical lens, as described above. 

(Embodiment 20) 

According to the present invention, it is possible 
to project a two-dimensional image at a position spaced apart 
from the screen. By applying the principle, it is also 
possible to provide a display apparatus for providing a 
three-dimensional image. This will be described in detail 
below. 

When a person views a three-dimensional object, an 
image of the object viewed by the right eye and that viewed 
by the left eye are slightly different from each other. 
Based on this subtle difference called a binocular parallax, 
the person recognizes the three-dimensional structure and 
the depth of the object. Many three-dimensional display 
apparatuses have been proposed in the art which utilize this 
principle, where the display apparatus is controlled to 
alternately display a right-eye image and a left-eye image, 
thereby independently showing the right eye and the left 
eye the respective images, so that a three-dimensional image 
is recognized. 

Generally, when viewing a three-dimensional image, 
a person is likely to get a tired feeling and, in some cases, 
may even feel sick as when a person has car sickness. Such 
a physiological phenomenon, though it depends on individuals, 
has been found to be a problem associated with a three- 
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dimensional image. There has been a research and 
development for solving the problem. 

By applying the above-described three-dimensional 
5 image display principle to the display apparatus of the 
present invention, it is possible to provide a new 
three-dimensional display apparatus which solves such 
problems. The arrangement is schematically shown in Fig- 
ure 58. Specifically, reference numeral 420 denotes a 
10 hologram screen, 402 a spatial light modulation device, and 
403 a projection optical system. A three-dimensional 
Jj? image 406 is observed by an observer 415 wearing 

Q polarization glasses 404. 

JS--31 

Uj 

fjl 15 Herein, the spatial light modulation device 402 may 

2 be any image display apparatus capable of switching the 

^ polarization direction of the displayed image, and may be 

0 those capable of switching the direction of linearly- 

polarized light, those capable of switching the rotary 
direction of circularly-polarized light, or the like. As 
the spatial light modulation device 402, those operating at 
120 Hz or more are commonly available, with which a 
three-dimensional image can be displayed based on the 
binocular parallax by switching images from one to another 
25 at a speed such that the switching cannot be recognized by 
human eyes. The spatial light modulation device 402 may 
alternatively be provided by using such a device as the 
polarization switching device in combination with a 
non-polarization type display device, e.g., a CRT, an 
organic EL, a polymer dispersed type liquid crystal panel, 
etc. 
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Moreover, as the simplest arrangement for the 
projection optical system 403, a cylindrical lens may be 
used as already described above. However, the projection 
optical system 403 is not limited thereto, but may be any 
system which clearly projects and images the z component 
of the image on the hologram screen 420. For example, an 
anamorphic optical system having different focal distances 
for the vertical and lateral directions or a combination 
of a normal projection lens and a cylindrical lens may be 
used. As described above, when using a lens or a mirror in 
which the focal distance in the x direction can be varied, 
it is possible to easily change the position along the depth 
direction where the image is viewed. For example, when a 
varifocal lens having a power only in the x direction is 
arranged as illustrated in Figures 54A and 54B, the position 
of the virtual display plane where the image is formed is 
moved back and forth without changing the position of the 
LED display apparatus. It is also possible to employ an 
arrangement where the optical path is folded by using a 
varifocal mirror in place of the varifocal lens. 

The respective orientations of the polarizing 
plates of the polarization glasses 404 are arranged to be 
orthogonal to each other, so that images, which are switched 
from one to another by the above -de scribed spatial light 
modulation device 402, can be independently recognized by 
the right eye and the left eye by wearing the polarization 
glasses 404. 

A feature of the three-dimensional display 
apparatus of the present invention is that the screen surface 
and the position where the image is observed can be separated 
from each other, while the distance therebetween can be 
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varied* This is what makes it possible to solve the 
above -described problems such as the tired feeling. In 
particular, since the image is not fixed on the screen 
surface, the focus of the eye is adjusted to the actual image, 
but not to the screen. Moreover, since the position of the 
image can be changed, it is possible to adjust the focus 
of the eye and the angle of convergence to where the actual 
image is being viewed, thereby allowing for a natural 
three - dimens ional display . 

(Embodiment 21) 

As described above, one feature of the optical 
display apparatus of the present invention that is not seen 
in conventional apparatuses is that the optical display 
apparatus whose basic arrangement has been shown in each 
embodiment may be used as one display unit , while a plurality 
of such units can be arranged on an arrangement plane so 
as to synthesize and display reconstructed images from the 
respective units on the virtual display plane. 

Figure 59A and 59B are a side view and a front view, 
respectively, of an exemplary optical display apparatus in 
which three display units 233 are arranged side by side. 

An image 225 formed on a virtual display plane 224 
differs for the respective display units, and in the 
illustrated example, each display unit reconstructs and 
displays one of the characters "A", "B" and "C" . When the 
respective display units are closely arranged together side 
by side, as illustrated in the figure, the characters are 
aligned together so that they can be recognized as one word. 
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Alternatively, as illustrated in Figure 60, a 
single large pattern may be displayed while being divided 
into three patterns 270, 271 and 272, which are synthesized 
together on the virtual display plane. 

Thus, in the case where the display units are 
arranged side by side as viewed from the observer, the 
display width can be widened in the horizontal direction 
by synthesizing the respective reconstructed images on the 
virtual display plane. 

Moreover, an arrangement which sufficiently 
exhibits the feature of the optical display apparatus of 
the present invention is one in which a plurality of display 
units are arranged along a depth direction of the image as 
viewed from the observer, so that the images from the 
respective display units are synthesized on the virtual 
display plane. 

Figure 61 is a side view illustrating a structure 
of an optical display apparatus 226 in which a plurality of 
display units are arranged in a depth direction of an image. 
In this embodiment, the optical display apparatus 226 of the 
present invention is used as a traffic sign in a tunnel. 
Specifically, in Figure 61, reference numeral 226 denotes 
an optical display apparatus of the present embodiment , and 
227 to 229 display units, and the display units 227 to 229 
are aligned with one another on a ceiling plane 231 of a 
tunnel 230. 

A hologram screen of each of the display units 227 
to 229 is produced by the producing optical system 
illustrated in Figure 62A to 62C. Each of these optical 
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systems is basically the same as that illustrated in 
Figure 47. However, they differ from one another on the 
point at which an incident laser beam as convergent light 
is focused. 

Figure 62A illustrates an optical system for pro- 
ducing a hologram screen used in the display unit 227, and 
a laser beam 232 is incident so as to converge to point F. 
Figure 62B illustrates an optical system for producing a 
hologram screen used in the display unit 228, and a laser 
beam 233 is incident so as to converge to point G. Fig- 
ure 62C illustrates an optical system for producing a 
hologram screen used in the display unit 229, and a laser 
beam 234 is incident so as to converge to point H. 

As illustrated in Figure 61, an image 235 of the 
display unit 227 is formed in the vicinity of a virtual 
display plane 236. Similarly, an image 237 of the display 
unit 228 and an image 239 of the display unit 229 are formed 
in the vicinity of a virtual display plane 238 and a virtual 
display plane 240, respectively. 

Elementary patterns 242, 243 and 244, as illus- 
trated in Figure 63B, which are obtained by dividing an 
original picture pattern 241 of a traffic sign indicating 
a speed limit, as illustrated in Figure 63A, are displayed 
on the display units 227, 228 and 229, respectively. In 
particular, an elementary pattern 242 for the lower 
approximately 1/3 portion obtained by dividing the original 
picture pattern 241 is displayed as the image 235 on the 
display unit 227. Similarly, an elementary pattern 243 for 
the middle approximately 1/3 portion is displayed as the 
image 237 on the display unit 228, and an elementary pat- 
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tern 244 for the upper approximately 1/3 portion is dis- 
played as the image 239 on the display unit 229. 

Then, the reconstructed image 235, 237 and 239 as 
viewed from the front side thereof are synthesized into a 
single image, as illustrated in Figure 63C, which is viewed 
from a car running through the tunnel 230 as if it were a 
traffic sign indicating a speed limit hung from the ceiling 
plane 231 of the tunnel 230. However, this is only a display 
on the virtual display plane, and there is no object actually 
existing on the display plane . Therefore , there is no chance 
for a car collision. 

An advantage of this structure is that it is possible 
to reduce the height of the display unit by a rate of 
approximately 1/N, where N denotes the number of display 
units provided. Thus, the cross section for which a tunnel 
is to be dug through can be reduced by employing an optical 
display apparatus having such an extremely flat structure. 
This provides a substantial reduction in the construction 
cost . 

As described above, the optical display apparatus 
using the hologram of the present invention has an extremely 
high industrial value because it allows, for the first time, 
one to use a light source such as a fluorescent lamp which 
is inexpensive and has a long life. 

However, the light source for utilizing the feature 
of the optical display apparatus of the present invention 
is not limited to a fluorescent lamp, but may be any elongated 
linear light source. In addition to the combination of a 
lamp with a vertically elongated opening, and the straight 
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tube fluorescent lamp, as described above, a one -dimensional 
array of small electric bulbs, a one -dimensional array of 
semiconductor lasers or LEDs, an organic EL in which the 
light emitting section is linearly shaped, a light source 
5 including a linear optical output section which is provided 
by guiding light from a light source by using light guiding 
means such as an optical fiber, and the like, can easily 
be used as the linear light source. Furthermore, various 
alternatives can be used. For example, it is possible to 

10 provide a pseudo- linear light source by combining a point 
light source with a cylindrical mirror or with a polygon 
mirror. It is also preferable to use a decentered mirror 
to reduce the size. Alternatively, it is possible to form 
a linear light source by using light beams which are linearly 

15 focused by a mirror or a lens. With this structure, it is 
possible to provide a virtual linear light source having 
a high brightness at a position near the hologram. 
Alternatively, it is possible to allow a two-dimensional 
display apparatus such as a CRT to function as a linear light 

20 source by displaying a vertical elongated bright line 
thereon. If the position where the bright line is displayed 
is successively moved, the reconstruction position also 
moves in response thereto, whereby it is possible to produce 
an effect that the reconstructed image is viewed as moving. 

25 Other than this, similar effects can be provided by using 
a movable linear light source. 

Regarding the emission characteristics of the light 
source, the light source to be used may have a continuous 
30 emission distribution or independent emission peaks 
corresponding to the three primary colors. Alternatively, 
a linear light source may be provided by combining 
independent light sources corresponding to the three primary 
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colors . In this way, it is possible to turn on/off the light 
sources of the respective colors, thereby allowing for an 
extremely effective display where a reconstructed image of 
a particular color is displayed or not displayed. 

In Figure 8, when the hologram 2 is reversed by 180° 
about an axis orthogonal to the figure plane, the virtual 
display plane on which the reconstructed image is formed 
is moved to the other side of the hologram 2, i.e., to the 
other side of the ceiling plane 7 in Figure 8, whereby the 
reconstructed image is formed on the other side of the 
hologram 2. The optical display apparatus of the present 
invention can produce such a display of a reconstructed image . 
However, in such a case, the obtained reconstructed image 
is reversed. Therefore, when displaying a reconstructed 
image with such an arrangement , it is necessary to previously 
set the pattern mask so as to face toward the hologram dry 
plate when producing the hologram 2. 

When the reference light is formed by directing a 
plurality of beams to overlap with one another in the 
direction orthogonal to the longitudinal direction of the 
slit, it is possible to widen the viewing range without using 
a linear light source during the reconstruction. In such 
a case, the illumination light source may be a point light 
source. However, positions where the reconstructed image 
is observed are inherently discrete. Therefore, as the view 
point is moved in the vertical direction, a position where 
the reconstructed image can be viewed and a position where 
it is difficult to view the reconstructed image will 
alternately occur. This condition varies depending upon 
how much the plurality of beams used when producing the 
hologram overlap with one another. In the case where the 
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plurality of beams are arranged to be adjacent to one another, 
the reconstructed image is observed without interruption 
even when the view point is moved. This reference light 
arrangement is effective not only when the object light is 
formed by combining a slit and diffused light, but also when 
a cylindrical lens is further combined therewith, when a 
reconstructed image of a transmission -type hologram is used 
as object light, or when the object light is provided by 
diffused light diffusing in one direction. 

Alternatively, the viewing range can be widened by 
exposing the hologram while arranging a one-dimensional 
diffuser such as a lenticular lens sheet to be adjacent to 
the hologram dry plate, without using a linear light source 
during the reconstruction . In such a case , the illumination 
light source may be a point light source . However, positions 
where the reconstructed image is observed are inherently 
discrete. Therefore, as the view point is moved in the 
vertical direction, a position where the reconstructed image 
can be viewed and a position where it is difficult to view 
the reconstructed image will alternately occur. This 
condition varies depending upon the specification of the 
lenticular lens sheet . By selecting a lenticular lens sheet 
having a fine pitch, the reconstructed image is observed 
without interruption even when the view point is moved. 

The reconstruction display plane is not limited to 
a single plane, but may be formed by a plurality of planes 
or a curved surface. Moreover, as already described in some 
of the embodiments above, a three-dimensional object may 
be used as the object. However, when a three-dimensional 
object is used as the object with the hologram producing 
optical system illustrated in Figures 10, 11A and 11B, it 
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is necessary to rearrange the optical system so that the 
reflected light from the object, which is generated by 
irradiating the three-dimensional object with laser light, 
passes through a slit placed between the object and the 
hologram dry plate. Also in such a case, while the light 
having passed through a slit becomes the object light, the 
laser light and the object light will not be aligned with 
the optical axis, 

A duplicate of the hologram 2 can easily be produced. 
For example, the information recorded on the hologram 2 can 
be transferred and duplicated onto a hologram dry plate by 
closely attaching together the hologram 2 and an unexposed 
hologram dry plate, preferably via a refractive index 
matching solution, and by directing laser light to be 
incident thereupon from the hologram dry plate side at an 
appropriate angle. 

In the above -de scribed embodiments, an optical 
traffic sign and a traffic information display board have 
been mainly described as applications of the present 
invention. However, the present invention is not at all 
limited to such applications, but may also display general 
character information, advertising bill, etc. Similarly, 
the location where the hologram is installed is not limited 
to the inside of a tunnel, but a significant effect is also 
provided when it is installed in a building, an elevator, 
an underground town , a train station , or the like . Moreover, 
it is also possible to employ an arrangement such that 
non- diffracted light which is not diffracted by the hologram 
is used for ambient illumination. 
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Furthermore, the position where the hologram is 
installed is not limited to the ceiling , but it is also 
effective to install the hologram on a wall surface, a floor, 
or the like . For example , by installing a hologram on a floor 
surface of a hall so that it is reconstructed by a fluorescent 
lamp for illumination which has been provided on the ceiling 
so as to display as a reconstructed image an indication 
indicating an arrow, a position, etc., the hologram 
functions as a guide sign. Particularly, it can easily be 
viewed when it is arranged so that the reconstructed image 
is displayed while floating apart from the floor surface 
by several ten cm. Alternatively, such a display may be used 
as means to stop a passer-by since it attracts people's 
attention . 

(Embodiment 22) 

With the optical display apparatus using a hologram 
based on the principle of the present invention, it is 
possible to present a space to the observer by displaying 
an indication indicating an arrow or a location as a 
reconstructed image. As an exemplary application of this 
feature, a system for visualizing and presenting to a user 
a position through which a non-contact type card is to be 
passed will be described in the present embodiment. 

In the case of a railroad station, for example, 
automatic ticket gate systems currently installed are mainly 
those of the type which magnetically reads information 
recorded on a pass . However, it has been proposed to replace 
them in the future with those of a type which reads 
information of a pass carried by a user by means of an electric 
wave, or the like, in a non-contact manner. This aims to 
replace the existing ticketing system, where the pass is 
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supposed to be inserted into a machine, to improve the 
ticketing efficiency and realize a smoother flow of people 
by allowing a user to pass through the gate while holding 
a non-contact type card pass in its hand* 

A point about which to be concerned is whether the 
user can effectively pass the pass through a predetermined 
communication area (e.g., an area where a signal is read 
by a radio wave) which is prescribed in a space spaced apart 
from a card reader. If the user cannot accomplish this well 
and thus has to repeat the reading operation, it will rather 
stagnate the flow of people through the ticket gate. 

The problem of effectively passing a card through 
the communication area is inherent to the non -contact type 
card system because, with a conventional reader, the user 
is only required to insert the card into the slot, and the 
positioning of the card for the reading operation is 
automatically done by the machine. Therefore, the user 
bears no burden for the card to be properly read. With the 
non-contact type card system, on the other hand, the 
communication area is spatially spread out, and it is an 
essential condition to bring the card into the optimal 
communication area and to keep the card presented within 
the communication area for a period of time which is required 
for reading the information thereon. The user is 
responsible for all of such tasks. 

In order to reliably read the card without imposing 
a burden on the user under such circumstances, it is 
considered as an effective measure to visualize a position 
(area) through which the non -contact type card should be 
passed. With the optical display apparatus of the present 
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invention, it is possible to display an indication such as 
an arrow in the form of a clear color image obtained by 
reconstructing a hologram in a communication area which is 
spaced apart from the card reader, whereby it is possible 
to reliably present a position where the card should be put 
for the user passing by the position. 

Moreover, users passing through a ticket gate are 
generally in a hurry. Therefore, a display where the 
communication area is seen only when the user is passing 
by the area does not provide the intended function. This 
is because the action of moving the card to the optimal 
position after the display is seen imposes a burden on the 
user. Thus, in order to reliably inform the user of the 
position of the communication area, the display should be 
such that the user can generally grasp the position of the 
communication area as the user approaches the ticket machine . 
The optical display apparatus of the present invention 
effectively functions for this purpose. 

For example, as described above in connection with 
Embodiment 3, with the optical display apparatus of the 
present invention, the display viewing range can be widened 
back and forth by adjusting the arrangement of the light 
source. By using this function, it is possible to create 
a situation where the user sees something when the user is 
still away from the ticket gate. Therefore, the user can 
prepare to present the card under the guidance of what is 
seen. As the user approaches the ticket gate, the display 
starts to appear clearer, whereby the user can certainly 
see where to put the pass. When the user actually passes 
the ticket gate, the user can pass by while holding the card 
at an appropriate height and position, thereby allowing for 
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a reliable information reading operation. 

The above-described "situation where the user sees 
something" may be provided by any display which attracts 
a person's attention, e.g., as the user walks toward the 
presented position, the position appears blinking or appears 
to change in color. The feature of the present invention, 
i.e. , a hologram produced by a plurality of reference light 
beams alternately appears and disappears as the viewing 
position changes, can be effectively used for this purpose. 
Alternatively, this can be realized by providing the optical 
display apparatus while avoiding an arrangement in which 
the change in color is small. 

Regarding the viewing range, it is preferable that 
the range is set to be wide in the front side while the range 
is such that the presented position can still be seen when 
the user looks back after passing by the position. This can 
also be realized by defining the display viewing range by 
adjusting the arrangement of the light source as described 
above in connection with Embodiment 3. 

Since the user ' s height differs between individuals , 
the position preferably appears bright even when the viewing 
height changes. This can be realized by increasing the 
degree of diffusion of the dif f user used when producing the 
hologram while elongating the slit, or by increasing the 
width of the one-dimensional diffuser and the degree of 
diffusion thereof. 

Incidentally, Japanese Laid-Open Publication 
No. 9-6935 relating to a wireless card processing apparatus 
describes that a three-dimensional stereoscopic image is 
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displayed by a hologram projection apparatus in which an 
area substantially equal to the communication area is 
hatched. However, use of the method proposed by the present 
invention is essential to actually realize such a function. 

While a non-contact type card system is described 
above as an example, the optical display apparatus of the 
present invention can also be combined with other 
information communication apparatuses, e.g., a POS system. 
In such a case, an optical display system to be provided 
has an optical display apparatus which three- dimensionally 
displays the communication area of the information 
communication apparatus. Preferably, the display area of 
the optical display apparatus and the communication area 
of the information communication apparatus are matched with 
each other. The information communication apparatus may 
have an arrangement for communicating information in one 
way (either reception or transmission) or an arrangement 
for performing a two-way interactive communication 
(reception and transmission). 

INDUSTRIAL APPLICABILITY 

With the above- described arrangement, the present 
invention displays a reconstructed hologram image, whereby 
an insubstantial hologram reconstructed image can be 
displayed on an insubstantial plane which is virtually 
provided in a space. Moreover, the display apparatus itself 
is arranged in a flat area which is extremely close to the 
wall surface of the installation site, and thus has a small 
protruding portion, thereby eliminating the problems 
associated with the conventional display apparatus such as 
an increase in the size of the display apparatus, an increase 
in the installation area (occupied area), or an accidental 
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collision with the display apparatus . 

Moreover, according to the present invention, it is 
possible to use a fluorescent lamp as a reconstruction light 
source, whereby the reconstructed light source is available 
anytime and anywhere. Thus, by producing a hologram on a 
light-weight flexible substrate, it is possible to realize 
a display apparatus which can easily be carried around. 

Furthermore, by applying this principle, a novel 
display, such as a head-up display or a three-dimensional 
display apparatus , is realized in which an image is observed 
at a position spaced apart from the screen surface. 

For example, when the optical display apparatus of 
the present invention is used in a non -contact type card 
system, a spatially spread communication area can be clearly 
presented to the user, whereby it is possible to more 
reliably and effectively provide the function inherent to 
the non-contact type card system. 
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CLAIMS 

1. An optical display apparatus, comprising a hologram 
device and a light source, wherein the hologram is a 
reflection- type hologram formed by: 

light having information of an object which is 
obtained by using light having passed through a slit; and 

reference light having an incident optical path 
different from that of the light having the information of 
the object, and wherein 

a reconstructed image of the object is displayed by 
light from the light source. 

2. An optical display apparatus according to claim 1, 
wherein the light having the information of the object is 
object light which is obtained by irradiating the object 
with diffused light having passed through the slit. 

3. An optical display apparatus according to claim 2, 
wherein the diffused light is formed by passing light through 
a ground glass. 

4. An optical display apparatus according to claim 1, 
wherein the light having the information of the object is 
reconstructed light obtained by reconstructing a 
transmission-type hologram which is formed by: object light 
obtained by irradiating the object with diffused light 
having passed through the slit; and irradiation light having 
an incident optical path different from that of the object 
light . 

5. An optical display apparatus according to claim 4, 
wherein the diffused light is formed by passing light through 
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a ground glass. 

6. An optical display apparatus according to claim 1, 
wherein the light having the information of the object is 
reconstructed light of a transmission- type hologram which 
is obtained by passing through the slit which is arranged 
to be adjacent to the transmission- type hologram on which 
an image of the object is recorded. 

7. An optical display apparatus according to claim 1, 
wherein the light having the information of the object is 
reconstructed light of a transmission-type hologram which 
is obtained by passing through: the slit which is arranged 
to be adjacent to the transmission-type hologram on which 
an image of the object is recorded; and a cylindrical lens 
having its generatrix along a longitudinal direction of the 
slit. 

8. An optical display apparatus according to claim 1, 
wherein the reference light is provided by superposing a 
plurality of beams on one another in a direction orthogonal 
to a longitudinal direction of the slit. 

9. An optical display apparatus according to claim 1, 
wherein the light source is a linear light source. 

10. An optical display apparatus according to claim 9, 
wherein the linear light source is arranged on or in a 
vicinity of a plane orthogonal to a longitudinal direction 
of the slit. 

11. An optical display apparatus according to claim 1, 
wherein an incident plane of the reference light is a plane 
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orthogonal to a longitudinal direction of the slit, 

12. An optical display apparatus according to claim 1, 
wherein an incident plane of the reference light is a plane 
different from a plane orthogonal to a longitudinal 
direction of the slit. 

13. An optical display apparatus, comprising a hologram 
device and a light source, wherein the hologram is a 
reflection- type hologram formed by: 

light having information of an object which is 
obtained by using diffused light diffusing in one direction; 
and 

reference light having an incident optical path 
different from that of the light having the information of 
the object, and wherein 

a reconstructed image of the object is displayed by 
light from the light source. 

14. An optical display apparatus according to claim 13, 
wherein the light having the information of the object is 
object light which is obtained by irradiating the object 
with the diffused light. 

15. An optical display apparatus according to claim 13, 
wherein the light having the information of the object is 
reconstructed light obtained by reconstructing a 
transmission-type hologram which is formed by: object light 
obtained by irradiating the object with the diffused light; 
and irradiation light having an incident optical path 
different from that of the object light. 
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16. An optical display apparatus according to claim 15, 
wherein the reference light is provided by superposing a 
plurality of beams on one another in a direction orthogonal 
to the direction in which the diffused light diffuses. 

5 

17. An optical display apparatus according to claim 13, 
wherein the light having the information of the object is 
reconstructed light of a transmission- type hologram which 
is obtained by passing through the slit which is arranged 

10 to be adjacent to the transmission-type hologram on which 
an image of the object is recorded. 

18. An optical display apparatus according to claim 17, 
wherein the reference light is provided by superposing a 

15 plurality of beams on one another in a direction orthogonal 
to the direction in which the diffused light diffuses. 

19. An optical display apparatus according to claim 13, 
wherein the diffused light is formed by passing light through 

20 a lenticular lens. 

20. An optical display apparatus according to claim 13, 
wherein the light source is a linear light source. 

25 21. An optical display apparatus according to claim 20, 
wherein the linear light source is arranged on or in a 
vicinity of a plane orthogonal to the direction in which 
the diffused light diffuses. 

30 22. An optical display apparatus according to claim 13, 
wherein an incident plane of the reference light is a plane 
orthogonal to the direction in which the diffused light 
diffuses . 
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23. An optical display apparatus according to claim 13, 
wherein an incident plane of the reference light is a plane 
different from a plane orthogonal to the direction in which 
the diffused light diffuses. 

24* An optical display system having a plurality of display 
units arranged on an arrangement plane in which recon- 
structed images from ttie plurality of units are synthesized 
and displayed, wherein 

each of the plurality of units is an optical display 
apparatus according to claim 1. 

25. An optical display system having a plurality of display 
units arranged on an arrangement plane in which recon- 
structed images from the plurality of units are synthesized 
and displayed, wherein 

each of the plurality of units is an optical display 
apparatus according to claim 13. 

26. An optical display apparatus according to claim 1, 
wherein the hologram device is provided by combining a 
plurality of hologram elements with one another. 

27. An optical display apparatus according to claim 13, 
wherein the hologram device is provided by combining a 
plurality of hologram elements with one another. 

28. An optical display apparatus according to claim 1, 
wherein the hologram device is formed on a flexible sub- 
strate. 

29. An optical display apparatus according to claim 13, 
wherein the hologram device is formed on a flexible sub- 
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strate. 

30. An optical display apparatus according to claim 1 # 
wherein the hologram device is portable . 

31. An optical display apparatus according to claim 13, 
wherein the hologram device is portable. 

32. An optical display apparatus according to claim 1, 
wherein: the light source is a linear light source; and a 
length and an installation direction of the linear light 
source are set so that a predetermined reconstructed image 
viewing range is obtained. 

33. An optical display apparatus according to claim 13, 
wherein: the light source is a linear light source; and a 
length and an installation direction of the linear light 
source are set so that a predetermined reconstructed image 
viewing range is obtained. 

34. An optical display apparatus according to claim 1, 
wherein: the light source is a linear light source; and a 
position where a reconstructed image is formed is shifted 
by moving the linear light source out of an incident plane. 

35. An optical display apparatus according to claim 13 , 
wherein: the light source is a linear light source; and a 
position where a reconstructed image is formed is shifted 
by moving the linear light source out of an incident plane. 

36. An optical display apparatus according to claim 1, 
comprising a plurality of the hologram devices , wherein the 
plurality of hologram devices are reconstructed by one light 
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source. 

37. An optical display apparatus according to claim 13, 
comprising a plurality of the hologram devices , wherein the 
plurality of hologram devices are reconstructed by one light 
source. 

38. An optical display apparatus according to claim 1, 
wherein: the light source is a linear light source; and the 
linear light source is a fluorescent lamp or a combination 
of a fluorescent lamp and a reflecting plate. 

39. An optical display apparatus according to claim 13, 
wherein: the light source is a linear light source; and the 
linear light source is a fluorescent lamp or a combination 
of a fluorescent lamp and a reflecting plate. 

40. An optical display apparatus according to claim 1, 
wherein the light source is a linear light source comprising 
a polygon mirror and a point light source. 

41. An optical display apparatus according to claim 13, 
wherein the light source is a linear light source comprising 
a polygon mirror and a point light source. 

42. An optical display apparatus according to claim 1, 
wherein the light source is a linear light source comprising 
a cylindrical mirror and a point light source. 

43. An optical display apparatus according to claim 13, 
wherein the light source is a linear light source comprising 
a cylindrical mirror and a point light source. 
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44. An optical display apparatus according to claim 1, 
wherein the light source is a linear light source configured 
by a light beam which is linearly focused by a mirror or 
a lens . 

45. An optical display apparatus according to claim 13, 
wherein the light source is a linear light source configured 
by a light beam which is linearly focused by a mirror or 
a lens, 

46. An optical display apparatus according to claim 1, 
wherein the light source is a linear light source comprising 
an array of point light sources . 

47. An optical display apparatus according to claim 13, 
wherein the light source is a linear light source comprising 
an array of point light sources. 

48. An optical display apparatus according to claim 1, 
wherein the light source is a linear light source configured 
by a bright line displayed on a two-dimensional display 
apparatus . 

49. An optical display apparatus according to claim 13, 
wherein the light source is a linear light source configured 
by a bright line displayed on a two-dimensional display 
apparatus . 

50. An optical display system, comprising an optical display 
apparatus and an information communication apparatus, 
wherein the optical display apparatus is an optical display 
apparatus according to claim 1 . 
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51 . An optical display system according to claim 50 , wherein 
the optical display apparatus three-dimensionally displays 
a communication area of the information communication 
apparatus . 

52 . An optical display system according to claim 51, wherein 
a display area of the optical display apparatus and the 
communication area of the information communication 
apparatus match with each other. 

53 . An optical display system according to claim 50 , wherein 
the information communication apparatus performs a one- 
way communication or an interactive communication of 
information. 

54 . An optical display system, comprising an optical display 
apparatus and an information communication apparatus, 
wherein the optical display apparatus is an optical display 
apparatus according to claim 13. 

55 . An optical display system according to claim 54, wherein 
the optical display apparatus three-dimensionally displays 
a communication area of the information communication 
apparatus . 

56 . An optical display system according to claim 55, wherein 
a display area of the optical display apparatus and the 
communication area of the information communication 
apparatus match with each other. 

57 . An optical display system according to claim 54 , wherein 
the information communication apparatus performs a one- 
way communication or an interactive communication of 
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information. 

58. An optical display apparatus , comprising an image 
display apparatus, an imaging optical system and a hologram 
screen , wherein : 

the hologram screen is arranged to reflect light 
from a point light source so as to form a point image at 
a position different from the point light source; and 

the imaging optical system is arranged to adjust a 
focus in a vertical direction of an image displayed on the 
image display apparatus to coincide with the hologram 
screen. 

59. An optical display apparatus according to claim 58 , 
wherein the formed point image is a real image. 

60. An optical display apparatus according to claim 58, 
wherein the formed point image is a false image formed at 
a position on an opposite side of the point light source 
with respect to the hologram screen. 

61. An optical display apparatus according to claim 58, 
wherein : 

the imaging optical system has independent imaging 
functions in a vertical direction and in a lateral direction; 

for the vertical direction, a focus in the vertical 
direction of an image displayed on the image display 
apparatus is adjusted to coincide with the hologram screen; 
and 

for the lateral direction, a focal distance is 
arranged to be variable. 
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62. An optical display apparatus according to claim 58, 
further comprising polarization glasses whose polarization 
transmission directions for respective eyes are orthogonal 
to each other. 

63. An optical display system having a plurality of display 
units arranged in a lateral direction, wherein each of the 
plurality of display units is an optical display apparatus 
according to claim 58. 

64. An optical display system having a plurality of display 
units arranged in a depth direction, wherein each of the 
plurality of display units is an optical display apparatus 
according to claim 58. 

65 . An optical display system according to claim 58, wherein 
the image display apparatus includes : a display device 
selected from an LED, a CRT, a polymer dispersed type liquid 
crystal panel and an organic EL panel; and a polarization 
switching device. 

66 . An optical display system according to claim 65 , wherein 
the polarization switching device includes a ferroelectric 
liquid crystal panel. 
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ABSTRACT 

In an optical display apparatus including a hologram 
device and a light source, the hologram is a reflection- type 
hologram formed by: light having information of an object 
which is obtained by using light having passed through a 
slit; and reference light having an incident optical path 
different from that of the light having the information of 
the object, wherein a reconstructed image of the object is 
displayed by light from the light source. 
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including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR § 
1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. §119(a)-(d) or § 365(b) of any foreign 
yjapplication(s) for patent or inventor's certificate, or § 365(a) of any PCT International application which 
designated at least one country other than the United States, listed below and have also identified 
14 below by checking the box, any foreign application for patent or inventor's certificate, or PCT 
" International application having a filing date before that of the application on which priority is claimed: 
Prior Foreign Application(s) Priority Not Claimed 

9-64071 Japan 18/MAR/97 



KNumber) (Country) (Day/Month/Year Filed) | | 

9-278402 Japan 13/OCT/97 



(Number) (Country) (Day/Month/Year Filed) | [ 

I hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional application(s) 
listed below. 



(Application Number) (Filing Date) 



(Application Number) (Filing Date) 

I hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s), or 365(c) of any 
PCT International application designating the United States, listed below and, insofar as the subject 
matter of each of the claims of this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph of 35 U.S.C. § 112, I 
acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR § 
1.56 which became available between the filing date of the prior application and the national or PCT 
international filing date of this application: 



Form PTO/SB/01 (6-95)[R&P] 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



YAO-V043Q2 



Page 2 of 3 



(Application Number) 



(Filing Date) 



(Status - patented, pending, abandoned) 



(Application Number) 



(Filing Date) 



(Status - patented, pending, abandoned) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected ihSffcwith: 



Paul F. Pre 
Allan Ratne' 
Andrew L Ney 
Kenneth N. Nigon 
Kevin R. Casey 
Benjamin E. Leace 
James C. Simmons 



J Reg. Ncu23££L 
Reg. N a - 19,717 - 
Reg. N 0^20.300 
Reg. No_31,S49. 
Reg. No.J32JlL- 
Reg. NqJi3^U 
Reg. No. 24j42, 



Lawrence E. Ashery 
Christopher R. Lewis 
Robert L. Andersen 
Daniel N, Caider 
Louis W. Beardell, Jr. 
Jacques L. Etkowicz, 
Eric A. Dichter 



Reg. No J34.515_ 
Reg. Nj, 36,201 
Reg. N o. 25.771 
Reg. N o. 27.424 . 

Reg. No. 41 ,738 
Reg. 



Mark J. Marcelli Reg. N a 36,593 

Joshua L. Cohen Reg. No. 38,040, 

Christopher J. Dervishian Reg. No. ^2,480 
Jack J. Jankovitz Reg. No. 42,690 



Address all correspondence to; Andrevy L. Nev „ 

^Ratner & Prestia. Suite 301 . One Westlakes. Berwvrv P.O. Box 980, Valley Forge. PA 19482-0980 
Address all telephone calls to: Andrew L Nev at (61(^407-0700. " " " 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the va jd^ty^ftjie application or any patent issued thereon. 



Full name of sole or first inventor (given name, family name) Yoshinao TAKETOMI 



Inventor's signature (^l/j^l*^ < ~ljklc&hn\ 



Residence Kyoto. Japan 
Citizenship Japanese 

Post Office Address 1-16-13. Yamate-higashi. Kvotanabe-shi 
Kyoto 61 0-0357 Japan ' — TP 

^ l r ^_o~0 

Full name of second joint inventor, if any (given name, family name) Toshihiro KUBOTA 



Date December 17, 1999 



Second Inventor's signature 

Residence Kyoto. Japan 
Citizenship Japanese 

Post Office Address 34-1-609, Nishihata. Oaura-cho. Uii-shi 
Kvoto61 1-0042 Japan ^^tP 



Date December 17, 1999 




Additional inventors are being named on separately numbered sheets attached hereto. 
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name) Yoshihiko TANJI 




Third inventor's signature 
Residence Osaka. Japan 
Citizenship Japanese 

Post Office Address 6-7-13. Kofudai. Tovono-cho. Tovono-.aun 
Osaka 563-0104 Japan T^PN^ 

Full name of fourth joint inventor, if any (given name, family name) Zenrou HAYASHI 



Date 



December 17, 1999 




Fourth inventor's signature 

Residence Osaka, Japan 
Citizenship Japanese 

Post Office Address 3-21-12. Ankoii-cho. Takatsuki-shi ~J 
Osaka 569-1029 Japan 



Full name of fifth joint inventor, if any (given name, family name) 

Fifth inventor's signature 

Residence 

Citizenship 

Post Office Address 



Full name of sixth joint inventor, if any (given name, family name) 



Sixth inventor's signature . 

Residence 

Citizenship 

Post Office Address 



Full name of seventh joint inventor, if any (given name, family name) 



Seventh inventor's signature . 

Residence 

Citizenship 

Post Office Address 



Date 



December 17, 1999 



Date 



Date 



Date 
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